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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a catalyst component for addition polymerization, a catalyst for addition po- 
lymerization made by using thereof, and a process for producing an addition polymer. 

Description of Related Arts 

[0002] Since olefin polymers such as polypropylene and polyethylene are excellent in mechanical properties, chem- 
ical resistance and the like and excellent in balance between those properties and economical efficiency, th y hav 
been widely used for various molding fields. These olefin polymers have been conventionally produced by polymerizing 
an olefin using a conventional type solid catalyst (multi-site catalyst) which combines a solid catalyst component ob- 
tained by using a metal compound of Group IV such as titanium trichloride or titanium tetrachloride, with a metal com- 
pound of Group XIII represented by an organoalumlnum compound. 

[0003] A process for producing an addition polymer, which polymerizes an addition -polymerizable monomer using 
a so-called single site catalyst prepared by combining a transition metal compound which is different fr m a solid 
catalyst component having been used from old (for example, a metallocene complex) with an alumlnoxane or the like, 
is recently proposed. For example, JP-A-58-1 9309 reports a process using bis(cyclopentadlenyl) zirconium dichloride 
and methyl aluminoxane. Further, it is reported that a specific boron compound and such transition metal compound 
are combined. For example, JP-A-1 -50203 reports a process using bis(cyciopentadienyJ)zlrconium dimethyl and tri(n- 
butyl)ammonium tetrakis(pentafluorophenyl) borate. The olefin polymers obtained by using these single site catalysts 
have a narrower molecular weight distribution than that obtained by the conventional type solid catalyst(multi-site cat- 
alyst), and further, a comonomer is more homogeneously copofymerized in case of a copolymer. Accordingly, it is 
known that a more homogeneous copolymer than a case of using the conventional type solid catalyst is obtained. 
[0004] The Improvement of such catalyst component for addition polymerization has been intensively studied, and 
the kinds of metals used for main catalyst components are widely reported over the respective Groups of th Periodic 
Table. For example, in Angew. Chem. Int. Ed. 38 428 (1999), it reported that a metallocene complex of th Group III 
to the Group XIII and non-metallocene compound are effective as the main catalyst components. On the other hand, 
as a co-catalyst component as an activator for combining with the metallocene complex or non-metallocene compound! 
an aluminoxane belonging to a compound of the Group XIII, a boron compound and the like have been mainly devel- 
oped. 

[0005] Further, when an addition polymer such as an olefin polymer is produced using a single-site catalyst, the 
molecular weight of the addition polymer obtained is usually low. and the improvement thereof has been desired. JP- 
A-6-329713 reports a catalyst component of polymerizing an olefin composed of an aluminum compound having an 
electron withdrawing group or a group containing an electron withdrawing group. An olefin polymer having a certain 
degree of high molecular weight can be obtained by using the aluminum compound. However, since it cannot be always 
said that the high molecular weight is adequately high, a novel catalyst component as an activator, which realizes the 
further improvement of high molecular weight, has been desired. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a compound capable of forming a catalyst for addition polym- 
erization which reveals a high polymerization activity by using as a catalyst aid component for activation and a pro- 
duction method thereof, a catalyst component for addition polymerization composed of a compound, capable of forming 
a catalyst for addition polymerization which reveals a high polymerization activity, a catalyst for addition polymerization 
which is made by using the catalyst component and reveals a high polymerization activity, and an efficient process for 
producing an addition polymer using the catalyst for addition polymerization. 

[0007] Namely, according to the present invention, an electron withdrawing group-containing metal compound 

(I) selected from the group consisting of [A] to [E] described b low, a catalyst component for addition polymerization 
comp sed of the compound(l), a catalyst for addition polymerization prepar d by contacting a transition metal 
complex (II) therewith or by contacting a transition metal complex (II) and an organoalumlnum compound(IH) th r - 
with, and a process for producing an addition polymer with the catalyst for addition polymerization are provided: 

[A] A compound obtained by contacting (a), (b) and (c) described below in the presence of an ether compound 
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as a solvent: 

(a) a compound represented by the g neral formula [1], 

M 1 L 1 c [1] 

(b) a compound represented by the general formula [2), 

R 1 p-iT 1 H [2], 

and 

(c) a compound represented by the general formula [3], 

F£ 2 J 1 H 2 [3] 

(wherein in each of the general formulae [1J to {3], M 1 represents an atom of the Group III to the Group 
XII or lanthanide series of the Periodic Table; c represents a valence of M 1 ; L 1 represents a hydrogen 
atom, a halogen atom or a hydrocarbon group; when a plural number of L 1 's exist, they may be mutually 
the same or different; R 1 represents an electron* withdrawing group or a group containing an electron- 
withdrawing group; R 2 represents a hydrocarbon group or a halogenated hydrocarbon group; when a 
plural number of R 2 's exist, they may be mutually the same or different; each of T 1 and J 1 independently 
represents an atom of Group XV or Group XVI of the Periodic Table; and each of p and q represents a 
valence of T 1 and J 1 , respectively.); 

[BJ A compound obtained by contacting (d), (e) and (f) described below: 

(d) a compound represented by the general formula [4J, 

M 2 L 2 d [4] 

(e) a compound represented by the general formula [5]. 

R 3 M T 2 H [5J, 

and 

(f) a compound represented by the general formula [6|: 

RVH^), [6] 

(wherein in each of the general formulae [4] to [6], M 2 represents an atom of Group III to Group XII or 
lanthanide series of the Periodic Table; d represents a valence of M 2 ; L 2 represents a hydrogen atom, a 
halogen atom or a hydrocarbon group; when a plural number of L 2 's exist, they may be mutually the same 
or different; R 3 represents an electron-withdrawing group or a group containing an electron-withdrawing 
group; R 4 represents an organic group having a valence of f ; each of T 2 and J 2 independently represents 
an atom of the Group XV or Group XVI of the Periodic Table; r represents a valence of T 2 ; e represents 
a valence of J 2 ; and T is an integer of 2 to 10.); 

[CI A compound represented by the general formula [7]: 



3 
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g-1 



M3 



M 



3 V 




[7] 




g.2/ h 



(wherein M 3 represents an atom of the Group Ml to Group XII or lanthanide series of the Periodic Table; when 
a plural number of M^s exist, they may be mutually the same or different; T 3 represents an atom of the Group 
XIV, Group XV or Group XVi of the Periodic Table; when a plural number of T^s exist, they may be mutually 
the same or different; R 5 represents an electron -withdrawing group or a group containing an electron-with- 
drawing group; when a plural number of R 5, s exist, they may be mutually the same or different; R 8 represents 
a hydrocarbon group; a plural number of R^s may be mutually the same or different; *'g" represents a valence 
of M 3 ; "s" represents a valence of T 3 ; and "h" represents a numeral of 1 or more.); 
[D] A compound represented by the general formula [8], 



(wherein M 4 represents an atom of the Group III to Group XII or lanthanide series of the Periodic Tabl ; X 1 
represents an atom of the Group XIV, Group XV or Group XVI of the Periodic Table; when a plural number of 
X^s exist, they may be mutually the same or different; R 7 represents an electron-withdrawing group or a group 
containing an electron-withdrawing group; when a plural number of R 7, s exist, they may be mutually the same 
or different; R B represents a hydrogen atom, a halogen atom or a hydrocarbon group; a plural number f R 8 's 
may be mutually the same or different; "J" represents a valence of M 4 ; 1" represents a numeral satisfying 
0<t^j; and "i" represents a numeral less by one than the valence of X 1 .); and 
[E] A compound represented by the general formula [9J: 



(wherein M 5 represents an atom of the Group III to Group XII or lanthanide series of the Periodic Table; when 
a plural number of M^s exist, they may be mutually the same or different; X 2 represents an atom of th Group 
XIV, Group XV or Group XVI of the Periodic Table; when a plural number of X 2 's exist, they may be mutually 
the same or different; R 9 represents an electron -with drawing group or a group containing an electron -with- 
drawing group: when a plural number of R 9, s exist, they may be mutually the same or different: T 4 represents 
an atom of the Group XIII of the Periodic Table, R 10 represents a hydrogen atom, a halogen atom or a hydro- 
carbon group: when a plural number of R 1 °'s exist, they may be mutually the same or different: M k M repr sents 
a valence of M 5 : "u" represents a valence of X 2 ; and "m" represents a numeral satisfying 1 £m^3.) 

[0008] Further, the present invention is illustrated in detail below. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] Respective M 1 to M 5 in the general formulae [1], [4], [7), [8] and [9] represent an atom of the Group III to the 
Group XII or lanthanide series of the Periodic Table of the Elements (Revised edition of IUPAC Inorganic Chemistry 
Nomenclature 1989). Specific examples thereof include a scandium atom, an yttrium atom, atitanium atom, a zirconium 
atom , a vanadium atom, a chromium atom, a molybdenum atom, a manganese atom, a rhenium atom, an iron atom, 
a ruthenium atom, a cobalt atom, a rhodium atom, a nickel atom, a palladium atom, a platinum atom, a copper atom, 
a silver atom, a gold atom, a zinc atom, a cadmium atom, a mercury atom, a samarium atom, an ytterbium atom and 
the like. As M 1 to M 5 , an atom of th Group XII is preferable in particular, and a zinc atom Is most pref rable. 
[0010] Resp ctive c, d, g, j and k in th general formulae [1], [4), [7], [8] and [9] represent a valence of M 1 to M 5 , 
respectively, and for example, when M 1 is a zinc atom, c is 2. 

[0011] Respective L 1 and L 2 in th general formulae [1] and [4] represent a hydrogen atom, a halogen atom or a 
hydrocarbon gr up, and when a plural number of L 1 's and L 2 's exist, they may b mutually the same or differ nt. 



mVr^r® 



[8] 



[(R^X 2 )^ m 5 ou TX° n 
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Specific xamples of the halogen atom in L 1 and L 2 include a fluorine atom, a chlorin atom, a bromine atom, and an 
iodine atom. As a hydrocarbon group in L 1 and L 2 , an alkyl group, an aryl group r an aralkyl group is preferabi . 
[0012] As the alkyl group, an alkyl group having 1 to 20 carbon atoms is preferable. Examples include thereof a 
methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, a t rt-butyl 
group, an isobutyl group, a n-pentyl group, a neopentyl group, a n-hexyl group, a n-octyl group, a n-decyl group, a n- 
dodecyl group, a n-pentadecyl group, a n-eicosyl group, and the like. A methyl group, an ethyl group, an isopropyl 
group, a tert-butyl group or an isobutyl group is more preferable. 

[0013] Any one of these alkyl groups may be substituted with a halogen atom such as a fluorine atom, a chlorine 
atom, a bromine atom, or an iodine atom. Examples of the alkyl group having 1 to 20 carbon atoms which is substituted 
with the halogen atom include a fluoromethyl group, a dlfluoromethyl group, a trifluoromethyl group, a chloromethyl 
group, a dichloromethyl group, a trichloromethyl group, a bromomethyl group, a dibromomethyl group, a tribromom thyl 
group, an iodomethyl group, a diiodomethyl group, a triiodomethyl group, a fluoroethyl group, a difluoroethyf group, a 
trifluoroethyl group, a tetrafluoroethyl group, a pentafluoroethyl group, a chioroethyl group, a dichloroethyl group, a 
trichloroethyl group, a tetrachloroethyl group, a pentachloroethyl group, a bromoethyl group, a dibromoethyl group, a 
tribromoethyl group, a tetrabromoethyl group, a pentabromoethyl group, a perfluoropropyl group, a perfluorobutyl 
group, a perfluoropentyl group, a perfluorohexyl group, a perfluorooctyl group, a pert luorododecyi group, a perfluoro- 
pentadecyl group, a perfluoroeicosyl group, a perchloropropyl group, a perchlorobutyl group, a perchloropentyl group, 
a perchlorohexyl group, a perchlorooctyl group, a perch Jorododecyl group, a perchloropentadecyl group, a p rchlo- 
roeicosyl group, a perbromopropyl group, a perbromobutyl group, a perbromopentyl group, a perbromohexyl group, a 
perbromoocty! group, a perbromododecyl group, a perbromopentadecyl group, a perbromoeicosyl group and th iik . 
[0014] Further, these alkyl groups may be partially substituted with an alkoxy group such as a methoxy group, an 
ethoxy group or the like, an aryloxy group such as a phenoxy group or the like, or an aralkyloxy group such as a 
benzyloxy group or the like, etc. 

[001 5] As the aryl group, an aryl group having 6 to 20 carbon atoms is preferable. Examples thereof include a phenyl 
group, a 2-tolyl group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl group, a 2,6-xylyl 
group, a 3,4-xylyl group, a 3.5-xylyl group, a 2,3,4-trimethylphenyl group, a 2,3,5-trimethylphenyl group, a 2,3,6-tri- 
methylphenyl group, a 2,4,6-trimethylphenyl group, a 3,4,5-trimethylphenyl group, a 2,3,4,5-tetramethylphenyl group, 
a 2,3,4,6-tetramethylphenyl group, a 2,3,5, 6-tetramethylphenyl group, a pentamethylphenyl group, an ethylphenyl 
group, a n-propylphenyl group, an isopropylphenyl group, a n-butylphenyl group, a sec- butyl phenyl group, a tert-butyl- 
phenyl group, a n-pentylphenyl group, a neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl group, a n- 
decylphenyl group, a n-dodecylphenyl group, a n-tetradecylphenyl group, a naphthyl group, an anthracenyl group and 
the like, and a phenyl group is more preferable. 

[0016] These aryl groups may be partially substituted with a halogen atom such as a fluorine atom, a chlorine atom, 
a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the like, an aryloxy 
group such as a phenoxy group or the like, or an aralkyloxy group such as a benzyloxy group or the like, etc. 
[0017] As the aralkyl group, an aralkyl group having 7 to 20 carbon atoms is preferable. Examples thereof include 
a benzyl group, a (2-methylphenyl)methyl group, a (3-methylphenyl)methyl group, a (4-methylphenyl)methyl group, a 
(2.3-dimethylphenyl)methyl group, a (2.4-dimethylphenyl)methyl group, a (2.5-dimethylphenyl)methyl group, a 
(2.6-dimethylphenyl)methyl group, a (3.4-dimethylphenyl)methyl group. (3.5-dimethylphenyl)methyl group, a 
(2.3.4-timethylphenyl)methyl group, a (2 3.5-timethylphenyl)methyl group, a (2.3.6-timethylphenyl)methyl group, a 
(3.4.5-timethylphenyl)methyl group, a (2.4.6-timethylphenyl)methyl group, a (2.3.4,5-tetramethylphenyl)methyl group, 
a (2.3.4 f 6-tetramethy1phenyl)methyl group, a (2.3:5. 6-tetramethylphenyl)methyl group, a (pentamethylphenyl)methyl 
group, an (ethylphenyl)methyl group, a (n-propylphenyl)methyl group, an (isopropylphenyl)methyl group., a (n-butyl* 
phenyl)methyl group, a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl group, a (n-pentylphenyl)methyl 
group, a (neopentylphenyl)methyl group, a (n-hexylphenyl)methyl group, a (n-octylphenyl)methyl group, a (n-decyl- 
phenyl)methyl group, a (n-dodecylphenyl)methyl group, a (n-tetradecylphenyl)methyl group, a naphthylmethyl group, 
an anthracenylmethyl group and the like, and a benzyl group is more preferable. 

[0018] These aralkyl groups may be partially substituted with a halogen atom such as a fluorine atom, a chlorin 
atom, a bromine atom, an iodine atom or the like, an alkoxy group such as a methoxy group, an ethoxy group or the 
like, an aryloxy group such as a phenoxy group or the like, or an aralkyloxy group such as a benzyloxy group or the 
like, etc. 

[0019] Each of the above-mentioned L 1 and L 2 is preferably a hydrogen atom, an alkyl group or an aryl group, more 
preferably a hydrogen atom or an alkyl group, and preferably an alkyl group in particular. 

[0020] Respective T 1 , J 1 , T 2 and J 2 in the above-m ntioned general formulae [2], [3], [5] and [6] independently 
represent an atom of the Group XV or Gr up XVI f the Periodic Table of the Elements (R vis d edition of IUPAC 
Inorganic Chemistry Nomenclature 1989). T 1 in the general formula [2] and J 1 in the general formula [3] may be the 
same or different. Further, T 2 in the g neral formula [5] and J 2 in the general formula [6] may be the same or different. 
Specific examples of the atom of the Group XV include a nitrogen atom, a phosphorous atom, and the like, and specific 
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examples of the at m of the Group XVI include an oxygen atom, a sulfur atom, and the like. Respective T 1 , J 1 , T 2 and 
J 2 are preferably a nitrogen atom, or an oxygen atom, and more preferably an oxygen atom. 

[0021] Respectiv p, q, r and e in th above-m ntioned general formulae [2], [3], [5J and [6] repres nt a valence of 
T 1 , J 1 , T 2 and J 2 , r spectiv ly, and for xampl , when T 1 is an atom of th Group XV, p is 3 and when T 1 Is an atom 
of the Group XVI, p is 2. 

[0022] Respective R 1 and R 3 In the above-mentioned general formulae [2] and [5] represent an electron-withdrawing 
group or a group containing an electron-withdrawing group, and when a plural number of R^s or R 3 's exist, they may 
be mutually the same or different. As an Index of the electron-withdrawing property, the substltuent constant o of th 
Hammefs rule and the like are known, and a functional group in which the substltuent constant o of the Hammet's rule 
is positive can be mentioned as an electron-withdrawing group. 

[0023] Specific examples of the electron-withdrawing group include a fluorine atom, a chlorine atom, a bromine atom, 
an iodine atom, a cyano group, a nitro group, a carbonyl group, a sulfone group, a phenyl group and the like. 
[0024] The group containing an electron-withdrawing group preferably include a halogenated alky! group, halogen- 
ated aryl, and a (halogenated alkyl)aryl group, cyanated aryl group and nitrated aryl group having up to 20 carbon 
atoms, an ester group (an alkoxycarbonyl group, aralkyloxycarbonyl group and aryloxycarbonyl group having up to 20 
carbon atoms,) and the like. 

[0025] Specific examples of the halogenated alkyl group include a fluoromethyl group, a chloromethyl group, a bro- 
momethyl group, an iodomethyl group, a difluoromethyl group, a dichloromethyl group, a dibromomethyl group, a dii- 
odomethyl group, a trlfluoromethyl group, a trichloromethyl group, a tribromomethyl group, a triiodomethyl group, a 
2,2,2-trffluoroethyl group, a 2,2,2-trichloroethyl group, a 2,2,2-tribromoethyl group, a 2,2,2-triiodoethyl group, a 
2,2,3,3, 3-pentafluoropropyl group, a 2,2,3,3,3-pentachloropropyl group, a 2,2,3,3,3-pentabromopropyl group, a 
2,2,3,3,3-pentaiodopropyl group, a 2 ,2, 2-t rifluoro-1 -trifluoromethylethyl group, a 2,2,2-trichloro-1-trichlorom thylethyl 
group, a2,2,2-tribromo-1-tribromomethylethyl group, a 2,2,2-triiodo-1-triiodomethyiethyl group, a 1 ,1-bis(trifluorome- 
thyl)-2,2,2-trifluoroethyl group, a 1 ,1 -bis (trichloromethyl ) -2,2, 2-t rich I oroethy I group, a 1 ,1-bis(tribromomethyl)-2,2,2-tri- 
bromoethyl group, a 1 ,1-bis(triiodomethyl)-2,2,2-triiodoethyl group, and the like. 

[0026] Specific examples of the halogenated aryl group Include a 2-fluorophenyl group, a 3-fluorophenyl group, a 
4-fluorophenyl group, a 2-chlorophenyl group, a 3-chlorophenyl group, a 4-chlorophenyl group, a 2-bromophenyl group, 
a 3-bromophenyl group, a4-bromophenyl group, a 2-iodophenyl group, a 3-iodopheny! group, a 4-iodophenyl gr up, 
a 2,6-difluorophenyl group, a 3,5-difluorophenyl group, a 3,4,5-trifluorophenyl group, a 2,6-dichlorophenyl group, a 
3,5-dichlorophenyl group, a 2,6-dibromophenyl group, a 3,5-dibromophenyl group, a 2,6-dilodophenyl group, a 3,5-di- 
iodophenyl group, a 2,4,6-trifluorophenyl group, a 2,4,6-trichlorophenyl group, a 2,4,6-tribromophenyl group, a 2,4,6-tri- 
iodophenyl group, a pentafluorophenyl group, a pentachlorophenyl group, a pentabromophenyl group, a pentaiodo- 
phenyl group, and the like. 

[0027] Specific examples of the (halogenated alkyl)aryl group include a 2-(trifluoromethyl)phenyl group, a 3-(trif luor- 
omethyl)phenyl group, a 4-(trifluoromethyl)phenyl group, a 2,6-bis(trifluoromethyl)phenyl group, a 3,5-bis(trifluorome- 
thyljphenyl group, a 2,4,6-tris(trifluoromethyl)phenyl group, and the like. 

[0028] Specific examples of the cyanated aryl group include a 2-cyanophenyl group, a 3-cyanophenyl group, a 4-cy- 
anophenyl group and the like. 

[0029] Specific examples of the nitrated aryl group include a 2-nitrophenyl group, a 3-nitrophenyl group, a 4-nitro- 
phenyl group and the like. 

[0030] Specific examples of the ester group include a methoxycarbonyl group, an ethoxycarbonyl group, a n-pro- 
poxycarbonyl group, an isopropoxycarbonyl group, a phenoxycarbonyl group, a trif luoromethoxycarbonyl group, a p n- 
tafluorophenoxycarbonyl group, and the like. 

[0031] R 1 and R 3 are preferably the halogenated hydrocarbon group, and more preferably the halogenated alkyl 
group or halogenated aryl group having up to 20 carbon atoms. Further preferable is a fluoromethyl group, a difluor- 
omethyl group, a trifluoromethyl group, a 2,2,2-trifluoroethyl group, a 2,2,3, 3,3-pentafluoropropyl group, a 2,2,2-trif- 
luoro-1 -trifluoromethylethyl group, a 1 ,1 -bis(trifluoromethyl)-2,2,2-trifluoroethyl group, a 4-fluorophenyl group, a 2,6-di- 
fluorophenyl group, a 3,5-difluorophenyl group, a 3,4,5-trifluorophenyl group, a 2,4,6-trifluorophenyl group, a pen- 
tafluorophenyl group, a chloromethyl group, a dichloromethyl group, a trichloromethyl group, a 2,2,2-trichloro thyl 
group, a 2,2,3,3,3-pentachloropropyl group, a 2, 2, 2-trichloro-1 -trichloromethyl ethyl group, a t ,1-bis(trichloromethyl)- 
2,2,2-trichloroethyl group, a 4-chlorophenyl group, a 2,6-dichlorophenyl group, a 3,5-dichlorophenyl group, a 
2,4,6-trichlorophenyl group or a pentachlorophenyl group. A fluoroalkyl group or a fluoroaryl group is pr ferabl in 
particular, and a trifluoromethyl group, a 2,2,2-trifluoro-1 -trifluoromethylethyl group, a 1 ,1 -bis (trifluoromethyl) -2 ,2, 2-t ri- 
fluoro thyl group, a 3,4,5-trifluorophenyl group, or a pentafluoroph ny I group is most preferable. 
[0032] R 2 represents in the general formula [3J represents a hydrocarbon group or a halogenated hydrocarbon group, 
and when a plural number of R^s exist, they maybe mutually the same or different. Th hydrocarbon group in R 2 is 
preferably an alkyl group, aryl group or aralkyl group having up to 20 carbon atoms, and the same hydrocarbon group 
as illustrated in the general formula (1 ] as L 1 is used. The halogenated hydrocarbon group In R 2 includes a halogenated 
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alky! group, halogenat d aryl group, or (halogenated alkyl)aryl group having up to 20 carbon atoms, and the like, and 
the same halogenated alkyl group, halog nat d aryl group, and (halogenated alkyl)aryl gr up as mentioned as specific 
examples of the el ctron-withdrawing group in R 1 of the general formula [2] are used. 

[0033] R 2 in the general formula [3] is preferably a halogenated hydrocarbon group, and further preferably a fluori- 
nated hydrocarbon group 

[0034] R 4 in the general formula [6] represents an organic group having a valence off, and is preferably a saturated 
aliphatic hydrocarbon group having a valence of f or an aromatic hydrocarbon group having a valence of f . 
[0035] T in the general formula [6] is a valence of R 4 , and an integer of 2 to 1 0, preferably an integer of 2 to 6, more 
preferably an integer of 2 to 4, further more preferably an integer of 2 or 3, and most preferably 2. 
[0036] Specific examples of the compounds (a) and (d) in the case in which each of M 1 and M 2 is a zinc atom, include 
dralkylzincs such as dimethylzinc, diethylzinc, dipropylzinc, di-n-butylzinc, di-isobutylzinc, di-n-hexylzinc, diallylzinc, 
bis(cyclopentadienyl)zinc and the like; diarylzincs such as diphenylzlnc, dinaphthylzinc, bis(pentafluorophenyl)zinc and 
the like; alkylzinc halides such as methylzinc chloride, ethylzinc chloride, propylzlnc chloride, n-butylzinc chloride, 
isobutylzinc chloride, n-hexylzinc chloride, methylzinc bromide, ethylzinc bromide, propylzinc bromide, n-butylzinc bro- 
mide, isobutylzinc bromide, n-hexylzinc bromide, methylzinc iodide, ethylzinc iodide, propylzinc iodide, n-butylzinc 
iodide, isobutylzinc iodide, n-hexylzinc iodide and the like; zinc halides such as zinc fluoride, zinc chloride, zinc bromid 
and zinc iodide; and the like. 

[0037] The compounds (a) and (d) are preferably dialkylzincs, further preferably dimethylzinc, diethylzinc, dipropylz- 
inc, di-n-butylzinc, di-isobutylzinc, di-n-hexylzinc, diallylzinc or bis(cyclopentadienyl)zinc, and in particular, dimethylzinc 
or diethylzinc is preferable. 

[0038] Specific examples of the compounds (b) and (e) include amines such as difluoromethylamine, dichlorometh- 
ylamlne, dibromomethylamine, diiodomethylamine, bis(difluoromethyl)amine, bis(dichloromethyl)amine, bis(dibro- 
momethyl)amine, bis(diiodomethyl)amine f bis(trifluoromethyl)amine, bis(trichloromethyl)amine, bis(tribromomethyl) 
amine, bis(triiodomethyl)amine, bis (2,2,2-trifluoroethyl) amine, bis(2,2,2- trichloroethyl)amine, bis(2,2,2-tribrom ethyl) 
amine, bis(2,2,2-triiodoethyl)amine, bis(2,2 l 3,3,3-pentafluoropropyl)amine, bis(2,2 ; 3,3,3-pentachloropropyl)amine l bis 
(2,2,3,3,3-pentabromopropyl)amine, bis(2,2,3,3,3-pentaiodopropyl)amine, bis(2,2,2-trifluoro-1 -trifluoromethylethyl) 
amine, bis(2,2,2-trichloro-1 -trichloromethylethyl)amine, bis(2,2,2-tribromo-1 -tribromomethylethyl)amine, bis(2,2,2-trii- 
odo-1 -triiodomethylethyl)amine, bisfl.l-bisttrifluoromethyl^^^-trifluoroethyljamine, bis(1 ,1-bis(trichloromethyl)- 
2 f 2,2-trichloroethyl)amine, bis(1 ,1 -bis(tribromomethyl)-2,2,2-tribromoethyl)amine, bis{1 ,1 -bis(triiodomethyl)-2,2,2-trii- 
odoethyl)amine, bis(2-fluorophenyl)amine, bis(3-fluorophenyl)amine, bis(4-fluorophenyl)amine, bis(2-chlorophenyl) 
amine, bis(3-chlorophenyl)amine, bis(4-chlorophenyl)amine, bis(2-bromophenyl)amine, bis(3-bromophenyl)amine, bis 
(4-bromophenyl)amine, bis(2-iodophenyl)amine > bis(3-iodophenyl)amine, bis(4-iodophenyl)amine, bis(2,6-difluoroph- 
enyl)amine. bis(3.5-difluorophenyl)amine, bis(2,6-dichlorophenyl)amine. bis(3,5-dichlorophenyl)amine, bis(2,6-di- 
bromophenyl)amine. bis(3.5-dibromophenyl)amine. bis(2.6-diiodophenyl)amine, bis(3,5-diiodophenyl)amine, bis 
(2 r 4.6-trifluorophenyl)amine. bis(2 1 4.6-trichlorophenyl)amine. bis(2.4.6-tribromophenyl)amine t bis(2.4 P 6-triiodoph nyl) 
amine, bis(pentafluorophenyi)amine. bis(pentachlorophenyl)amine. bis(pentabromophenyl)amine, bis(pentaiodophe- 
nyljamine. bis(2-(trifluoromethyl)phenyl)amine, bis(3-(trifluoromethyl)phenyl)amine, bis(4-(trifluoromethyl)phenyl) 
amine, bis(2.6-di(trif luoromethyl)phenyl)amine. bis(3.5-di{trifluoromethyl)phenyl)amine. bis(2.4.6-tri(trifluoromethyl) 
phenyl)amine. bis(2-cyanophenyl)amine. bis(3-cyanophenyl)amine. bis(4-cyanophenyl)amine. bis(2-nitrophenyl) 
amine. bis(3-nitrophenyl)amine. bis(4-nitrophenyl)amine and the like Further, phosphine compounds in which a nitro- 
gen atom is replaced with a phosphorus atom in the above-mentioned amine compounds, and the like are also exem- 
plified. 

[0039] When the compounds (b) and (e) are alcohols, specific examples thereof include fluoromethanoL chlorometh- 
anol, bromomethanol, iodomethanol, difluoromethanol. dichloromethanol. dibromomethanoL diiodomethanol, trifluor- 
omethanol, trichloromethanol, tribromomethanor triiodomethanol, 2,2,2-trifluoroethanol, 2,2,2-trichloroethanol, 
2,2,2-tribromoethanol, 2 t 2.2-triiodoethanol, 2,2,3,3,3-pentafluoropropanol, 2,2,3, 3,3-pentachloropropanol, 
2,2,3,3,3-pentabromopropanol, 2,2,3,3,3-pentaiodopropanol, 2 t 2,2-trifluoro-1 -trifluoromethylethanol, 2,2,2-trichloro- 
1-trichloromethylethanol,2,2 : 2-tribromo-1-tribromomethylethanol, 2,2,2-triiodo-1-triiodomethylethanol, 1,1-bis(trifluor- 
omethyl)-2,2,2-trifluoroethanol, 1 ,1-bis(trichloromethyl)-2,2 t 2-trichloroethanol t 1 ,1 -bis(tribromomethyl)-2,2,2-tribro- 
moethanol, 1 ,1-bis(triiodomethyl)-2,2,2-triiodoethanol and the like. Further, thiol compounds in which an oxygen atom 
is replaced with a sulfur atom in the above-mentioned alcohol compounds, and the like are also exemplified. 
[0040] When the compounds (b) and (e) are phenols, specific examples thereof include 2-fluorophenol, 3-fluoroph- 
enol, 4-fluorophenol, 2-chlorophenol, 3-chlorophenol, 4-chlorophenol, 2-bromophenol, 3-bromophenol, 4-bromoph - 
not, 2-iodophenol, 3-iodophenol, 4-iodophenol r 2,6-difluorophenol, 3,5-difluorophenol, 3,4,5-trifluorophenol, 2,6-dichlo- 
rophenol, 3,5-dichlorophenol, 2,6-dibromophenol, 3,5-dibromoph nol, 2,6-diiodophenol, 3,5-diiodophenol, 2,4,6-trif- 
luoroph nol, 2,4,6-trichlorophenol, 2,4,6-tribromophenol, 2,4,6-triiod phenol, p ntafluorophenol, pentachlorophenol, 
pentabromophenol, pentaiodophenol, 2-(trifluoromethyl)phenol, 3-(trifluorom thyl)phenol, 4-(trifluoromethyl)phenol, 
2,6-bis(trifluoromethyl)phenol, 3,5-bis(trifluoromethyl)phenol, 2-cyanophenol, 3-cyanophenol, 4-cyan phenol, 2-nitro- 
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ph nol, 3-nftrophenol, 4-nitrophenol and th like. Further, thioph nol compounds In which an oxygen atom is r piaced 
with a sulfur atom in the above-mentioned phenol compounds, and the like are also exemplified. 
[0041] When the compounds (b) and (e) are carboxylic acids, specific xamples thereof include 2-f luorobenzoic acid, 
3-f luorobenzoic acid, 4-fluorobenzote acid, 2,3-difluorobenzoic acid, 2,4-difiuorobenzoic acid, 2,5-difluorobenzoic acid, 
2,6-difluorobenzolc acid, 2, 3, 4-trif luorobenzoic acid, 2,3,5-trifluorobenzoic acid, 2, 3, 6-trrf luorobenzoic acid, 2,4,5-trif- 
luorobenzoic acid, 2,4,6-trffluorobenzoic acid, 2,3,4,5-tetrafluorobenzoic acid, 2,3,4,6-tetrafluorobenzoic acid, pen- 
tafluorobenzoic acid, fluoroacetic acid, dlfluoroacetic acid, trifluoroacetic acid, pentafluoropropanoic acid, heptafluor- 
obutanoic acid, 1 ,1 -bis{trifluoromethyl)-2 I 2,2-trifluoroehtanoic acid and the like. 

[0042] When the compounds (b) and (e) are sulfonic acids, specific examples thereof include fluoromethanesulfonic 
acid, difluoromethanesulfonlc acid, trifiuoromethanesulfonlc acid, pentafiuoroethanesulfonlc acid, heptafluoropro- 
panesulfonic acid, 1 ,1 -bis(trifluoromethyl)-2,2,2-trifiuoroehtanesuifon»c acid and the like. 

[0043] The compounds (b) and (e) are preferably, bls(trrfluoromethyl)amine, bis(2,2,2-trlfluoromethyl)amin , bis 
(2,2,3,3,3-pentafluoropropyl)amine, bls(2,2,2-trifluoro-1-trifluoromethylethyl)amine, bis(1,1-bis(trifluoromethyl)- 
2,2,2-trifluoroethyl)amine or bis(pentafluorophenyl)amine as amines; trifluoro methanol, 2,2,2-trifluoro thanoi, 
2,2,3,3,3-pentafiuoropropanol, 2,2,2-trifluoro- 1 -trifluoromethylethanol or 1 .l-bisftrifluoromethyO^^^-trifluoroethanol 
as alcohols; 2-fluorophenol, 3-fluorophenol, 4-fluorophenol, 2,6-difluorophenol, 3,5-difluorophenol f 3,4,5-trifluoroph - 
nol, 2,4,6-trifluorophenol, pentafluorophenol, 2- (trifluoromethyl) phenol, 3-(trifluoromethyl)phenof, 4-(trifluoromethyl) 
phenol, 2,6-bis(trifluoromethyl)phenol, 3,5-bis(trifluoromethyl)phenol or 2,4,6-tris(trifluoromethyl)phenol as phenols; 
pentafluorobenzoic acid or trifluoroacetic acid as carboxylic acids; and trifluoromethanesulfonic acid as sulfonic acids. 
[0044] The compounds (b) and (e) are more preferably, bis(trifluoromethyl)amine, bis(pentafluorophenyl) amin , 
trifluoromethanol, 2,2,2-trifluoro-1 -trifluoromethylethanol, 1 ,1-bis(trifluoromethyl)-2,2,2-trifiuoroethanol, 4-fluorophe- 
nol, 2,6-difluorophenol, 2,4,6-trifluorophenol, 3,4,5-trifluorophenol, pentafluorophenol, 4-(trifluoromethyl)phenol, 
2,6-bis(trifluoromethyl)phenol or 2,4,6-trls(trifluoromethyl)phenol, and further preferably 3,4,5-trifluorophen I, pen- 
tafluorophenol or 1,1-bis(trifluoromethyl)-2,2,2-trifluoroethanoL 

[0045] The compounds (c) are preferably water, hydrogen disulfide, an alkylamine, arylamine, aralkylamine halo- 
genated alkylamine, halogenated arylamine, and (halogenated alkyl)arylamine having up to 20 carbon atoms, and 
specific examples thereof Include water, hydrogen disulfide, methylamine, ethylamine, npropylamine, isopropylamine, 
n-butylamine, secbutylamine, tert-butylamine, isobutyl amine, n-pentylamine, neopentylamlne, amyl amin , n-hexy- 
lamine, n-octylamine, n-decyl amine, n-dodecyl amine, n-eicosylamine, allylamine, cyclopentadienylamine, aniline, 
2-torylamine, 3-tolylamine, 4-tolylamine, 2,3-xylylamine, 2,4- xyiylamine, 2,5-xyfylamine, 2,6-xylylamine, 3,4-xy- 
lylamine, 3,5-xylylamine, 2,3,4-trimethylaniline, 2,3,5-trimethylaniline, 2,3,6-trimethylaniline, 2,4,6-trimethylaniline, 
3,4,5-trimethylaniline, 2,3,4,5-tetramethylaniline, 2,3,4,6-tetramethylaniline, 2,3,5,6-tetramethylanlline, pentamethyl- 
aniline, ethylaniline, n-propylaniline, isopropylaniline, n-butylaniline, sec-butylaniline, tert-butylaniline, n-pentyl aniline, 
neopentylaniline, n-hexylanillne, n-octylaniline, n-decylaniline, n-dodecylaniline, n-tetradecylaniline, naphthylamine. 
anthracenylamine, benzylamine, (2-methylphenyl)methylamine, (3-methylphenyl)methylamine, (4-methylphenyl) 
methylamine, (2 f 3-dimethylphenyl)methylamine. (2.4-dimethylphenyl)methylamine, (2.5-dimethylphenyl)methyl- 
amine. (2.6-dimethylphenyl)methylamine. (3,4-dimethylphenyl)methylamine, (3,5-dimethylphenyl)methylamine, 
(2.3.4-trimethylphenyl)methylamine ! (2.3.5-trimethylphenyl)methylamine, (2 ) 3,6-trimethylphenyl)methylamine ( 
(3.4.5-trimethylphenyl)methylamine. (2.4.6-trimethylphenyl)methylamine. (2 r 3,4.5-tetramethylphenyl)methylamine ; 
(2.3.4, 6-tetramethylphenyl)methylamine. (2.3,5.6-tetramethylphenyl)methylamine. (pentamethylphenyl)methylamine ; 
(ethylphenyl)methylamine. (n-propylphenyl)methylamine. (isopropylphenyl)methylamine. (n-butyiphenyl)methyl- 
amine, (secbutylphenyl)methylamine, (tertbutylphenyl)methylamine, (n-pentylphenyl)methylamine, (neopentylphenyl) 
methylamine, (n-hexylphenyl)methylamine, (n-octylphenyl)methylamine, (n-decylphenyl)methylamine, (n-dodecylph - 
nyl)methylamine, naphtylmethylamine, anthracenylmethylamine, fluoromethylamine, chloromethylamine, bromometh- 
ylamine, iodomethylamine, difluoromethylamine, dichloromethylamlne, dibromomethylamine, diiodomethylamine, trif- 
luoromethylamine, trichloromethylamine, tribromomethylamine, triiodomethylamine, 2,2,2-trifluoroethylamine, 
2,2,2-trlchloroethylamine, 2,2,2-trlbromoethylamine, 2,2,2-triiodoethylamine, 2,2,3,3,3-pentafluoropropylamine, 
2,2,3,3,3-pentachloropropylamine, 2,2,3,3 ,3-pentabromopropylamine, 2,2,3,3,3-pentaiodopropylamine, 2,2,2-trif- 
luoro-1 -trif luoromethyiethylamine, 2,2,2-trichloro-1 -trichloromethylethylamine, 2,2,2-trlbromo-1 -tribromom thylethyl- 
amine, 2,2,2-triiodo-1-trilodomethylethylamine, 1,1-bis(trlfluoromethylV2,2,2-trifluoroethylamine, 1 ,1-bis(trichlorome- 
thyl)-2.2,2-trichloroethylamine, 1 ,1 -bis(tribromomethyl)-2,2 r 2-tribromoethylamine, 1 ,1 -bis(trliodomethyl)-2,2,2-triio- 
doethyiamine, 2-fluoroaniline, 3-fluoroanlline, 4-fluoroaniline, 2- chloroaniline, 3-chloroanillne, 4-chloroaniline, 2-bro- 
moaniline, 3-bromoaniline, 4-bromoanlline, 2-i doaniline, 3-iodoani!ine, 4-iodoanllin , 2,6-drfluoroaniline, 3,5-difluor - 
aniline, 2,6-dichloroaniline, 3,5-dichloroanilin , 2,6-dibrom aniline, 3,5-dibrom anilin , 2,6-diiodoaniline, 3,5-dlio- 
doanlllne, 2,4,6-trifluoroaniline, 2,4,6-trichloroaniline, 2,4,6-tribr moaniline, 2,4,6-trilodoaniline, pentafluoroaniline, 
pentachloroaniline, pentabromoaniline, pentaiod anilin f 2-(trrfluoromethyl)aniline, 3-(triflu romethyl)aniline, 4-(trif- 
iuor methyl)aniline, 2,6-di(trifluoromethyl)anlline, 3,6-di(trifluoromethyl)aniline and 2,4 t 6-tri(trlfluoromethyl)anillne; 
m re preferably water, hydrogen disulfide, methylamine, ethylamine, n-propylamine, is propylamine, n-butylamine, 



8 



EP1 113 026 A2 



sec-butylamlne, tert- butyl amine, isobutyl amine, n-octylamine, aniline, 2,6-xylylamine, 2,4,6-trim thylaniline, naphthyl- 
amine, anthracenylamine, benzylamine, trifluoromethylamine, pentafluoroethylamine, perfluoroproylamin , perfluor- 
obutylamine, perfluoropentylamin , perfluorohexylamine, perfluorooctylamine, perflu rododecylamine, perfluorop n- 
tadecylamine, perfluoroeicosylamine, 2-fluoroaniline, 3-fluoroaniline, 4-fluoroaniline, 2 t 6-difluoroanlllne f 3,5-difluoro- 
aniline, 2,4,6-trifluoroaniline, pentafluoroaniline, 2-(trif luoromethyl)aniline, 3-(trifluoromethyl)aniline, 4-(trifluoromethyl) 
aniline, 2,6-bis(trifluoromethyl)aniline, S^-bisftrifluoromethylJaniline or 2,4,6-trls(trifluoromethyl)aniline; in particular, 
preferably water, trifluoromethylamine, perfluorobutylamine, perfluorooctylamine, perfluoropentadecylamine, 2-fluoro- 
aniline, 3-fluoroaniline, 4-fluoroaniline, 2,6-difluoroanilrne, 3,5-dtfluoroaniline, 2,4,6-trifluoroaniline, pentafluoroaniline, 
2-(trifluoromethyi)aniline, 3-(trifluoromethyl)aniline, 4-(trlfluoromethyl)aniline, 2,6-bis(trifluoromethyl)aniline, 3,5-bis(tri- 
fluoromethyl)aniline and 2,4,6-tris(trifluoromethyl)aniline; and most preferably water and pentafluoroaniline. 
[0046] Further, as the compound (0 used for preparation of the compound [B], the followings and the like are men- 
tioned. 
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[0047] The compound [A] is a compound obtained by contacting the above-mentioned compounds (a), (b) and (c). 
The order of contacting the compounds (a), (b) and (c) is not specifically limited, and for example, the following order 
can be adopted. 

[0048] ® A method of contacting (c) after contacting (a) and (b). 
[0049] ©A method of contacting (b) after contacting (a) and (c). 
[0050] ©A method of contacting (a) after contacting (b) and (c). 

[0051] The contact order is preferably (3) or© Namely, the compound [A] is preferably a compound obtained by 
contacting (c) with a contact product obtained by contacting (a) and (b), or a compound obtained by contacting (b) with 
a contact product obtained by contacting (a) and (c). 

[0052] Further, the compound [B]is a compound obtained by contacting the above-mentioned compounds (d), (e) 
and (f). The order of contacting the compounds (d), (e) and (f) is not specifically limited, and for example, the following 
order can be adopted. 

[0053] ©' A method of contacting (f) after contacting (d) and (e)-. 
[0054] ©' A method of contacting (e) after contacting (d) and (f). 
[0055] ©' A method of contacting (d) after contacting (e) and (f). 

[0056] The contact order is preferably ©' or©'. Namely the compound [B] is preferably a compound obtained by 
contacting (f) with a contact product obtained by contacting (d) and (e), or a compound obtained by contacting (e) with 
a contact product obtained by contacting (d) and (f). 

[0057] The contact treatment in the preparation of the above-mentioned compounds [A] and [B] is preferably carried 
out under an inert gas atmosphere. The treatment temperature is usually from -100°C to 200*C. and preferably from 
-80°C to 150 Q C. The treatment time is usually from 1 minute to 36 hours, and preferably from 10 minutes to 24 hours. 
Further, the treatment may use a solvent, and these compounds may be directly treated without using it. The solvent 
used is inert to the raw material compounds (a), (b) and <c), or (d). (e) and (f). 

[0058] Either of a non-polar solvent such as an aliphatic hydrocarbon solvent, an aromatic hydrocarbon solvent or 
the like, or a polar solvent such as an ethereal solvent or the like, can be used. Specific examples of the solvent include 
butane, hexane, heptane, octane. 2,2.4-trimethylpentane, cyclohexane, benzene, toluene, xylene, dimethyl ether, di- 
ethyl ether, diisopropyl ether, di-n-buty! ether, methyl tert-butyl ether, anisole, 1 ,4-dioxane, 1 ,2-dimethoxyethan , bis 
(2-methoxyethyl) ether, tetrahydrofuran, tetrahydropyran and the like. 

[0059] In the present invention , a polar solvent is preferable among these solvents. As index representing the polarity 
of the solvent, value (CReichardt, "Solvents and Solvents Effects in Organic Chemistry", 2nd ed., VCH Verlag 
(1 988)) and the like are known, and in particular, preferably, the polar solvent is a solvent which satisfies the expression; 

E T N of 0.5^ E T N a 0.1 

[0060] Examples of the polar solvent include ethereal solvents such as dimethyl ether, diethyl ether, diisopropyl ether, 
di-n-butyl ether, methyl tert-butyl ether, anisole, 1 ,4-dioxane, 1 ,2-dimethoxyethane, bis(2-methoxyethyl) ether, t trahy- 
drofuran, tetrahydropyran and the like, and tetrahydrofuran is most preferabl as the solv nt. 

[0061] The amounts used of th r spectiv compounds in th preparation of th compound [A] are not specifically 
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limited. When the molar ratio of the amounts used of the respective compounds is defined as a molar ratio of (a):(b): 

(c) = 1 : y 1 : z 1 , it is preferable that y 1 and Z 1 satisfy substantially the expression (1 ): 

5 C = y*+2z A (1) 

(wherein c represents a valence of M 1 in the expression (1)) 

[0062] y 1 in the expression (1) is preferably a numeral of from 0.01 to 1 .99, more preferably a numeral of from 0.20 
to 1 .80, further preferably a numeral of from 0.25 to t .50, and most preferably a numeral of from 0.50 to 1 .00. z 1 in the 
10 expression (1) is a numeral determined by c,y 1 and the expression (1). 

[0063] Further, the amount used of the respective compounds is not also specifically limited in the preparation of the 
compound [BJ. When the molar ratio of the amounts used of the respective compounds is defined as a molar ratio of 

(d) : (e) : (f) = x 1 : y 2 : z 2 , ft is preferable that x\ y 2 and z 2 satisfy substantially the expression (2) when J in the 
general formula [6] is an atom of Group XVI, and the expression (3) when J in the general formula [6] is an atom of 

15 Group XV: 

d x x 1 = y 2 + f x z 2 (2) 



20 



23 



30 



35 



40 



y 2 + fxz^dxx 1 sy 2 + 2xfxz 2 (3) 

(wherein each of d and f in the expressions (2) and (3) is the same value as in the above-mentioned general formula 
[4] or [6], respectively.) 

[0064] y 2 in the expressions (2) and (3) is preferably a numeral of y 2 / x*» of from 0.01 to 1 .99, more preferably a 
numeral of from 0.2 to 1 .8, further preferably a numeral of from 0.25 to 1 .5, and most preferably a numeral of from 0.5 
to 1 .0. 2 2 In the expressions (2) or (3) is a numeral determined by d, f, x 1 , y 2 and the above-mentioned expression 
(2) or (3). Further, x 1 is a numeral being an arbitrary positive value. 

[0065] Even if the use of the respective compounds are really designed so as to perfectly satisfy the above-m ntion d 
expressions (1) to (3) in the contact treatment of the above-mentioned compounds, the amounts used may fluctuate 
finely, and it is usually carried out to appropriately increase and decrease the amounts used to a certain degree con- 
sidering the amount of a compound which remains while being unreacted. Herein, " satisfy substantially ■ means that 
a case of designing to obtain a compound obtained by contacting the respective compounds at the molar ratio satisfying 
the above-mentioned expressions is included even if the above-mentioned expressions is not perfectly satisfied. 
[0066] When the molar ratio of the amounts used of the respective compounds is defined as a molar ratio of (a):(b): 
(c)= 1 : y 1 : z 1 in the preparation of the compound (A], it is preferable that y 1 and Z 1 satisfy the expression (4): 

0S| C -y 1 -2z 1 lg 0.2 (4) 



(c represents a valence of M 1 in the expression (4)) 

[0067] Further, when the molar ratio of the amounts used of the respective compounds is defined as a molar ratio 
of (d):(e):(f) = x 1 : y 2 : Z 2 in the preparation of the compound [B], it is preferable that x 1 , y 2 and z 2 satisfy the expr ssion 
45 (5) when J in the general formula [6] is an atom of Group XVI: 

0^ld-(y 2 +fxz 2 )+ x 1 l^ 0.2 (5) 

50 (each of d and f in the expression (5) is the same value as in the above-mentioned formula [4] or [6].) 

[0068] As a result of the contact treatment, at least one of (a), (b) and (c) or at least one of (d), (e) and (f) which are 
raw materials may remain as unreacted matters concerning the compounds. 

[0069] Further, it is preferable in the preparation of the compound [AJ to distill the solvent from the product after the 
contact treatment and carry out drying at 25°C or more for one hour or more under reduced pressure. It is more 
55 preferable to carry out drying at 60 to 200°C for one to 24 hours and most preferable at 80 to 1 60°C for 4 to 1 8 hours. 
[0070] Sp cific exampl of th production process of the compound [A] is shown b low in detail wh n M 1 is zinc 
atom, the c mpound (b) Is p ntafluorophenol, and the compound (c) is water. A process which include the following 
steps can be adopted: 
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Tetrahydrof uran is used as a solvent; a hexane solution of diethylzinc is added thereto and cooled to 0°C; p ntafluor- 
ophenol of th equimolar amount t diethylzinc is added dropwise thereto; after stirring at room temperature for 10 
minutes to 24 hours, 0.5-fold molar amount of water to diethylzinc is further added dropwise; after stirring at room 
temperature for 1 0 minutes t 24 hours, the solvent is removed by distillation; and drying is earned out at 120°C for 8 
s hours under reduced pressure. 

[0071] Of course, the compounds used in these treatments are not limited to pentafluorophenol and water, the com- 
pound as a raw material is not limited to a zinc compound, and the condition at drying is not limited to at 120°C for 8 
hours. 

[0072] Further, a specific example of the production process of the compound [B] is shown below in detail when M 2 
10 is zinc atom, the compound (e) is pentafluorophenol, and the compound (0 is 1 ,3-cyclopentanediol(a mixture of cis- 
isomer and trans-isomer). 

[0073] A process which include the following steps can be adopted: 

A hexane solution of diethylzinc and toluene are charged in a flask whose atmosphere was replaced with argon 
and the mixture is stirred and cooled at -78°C; a hexane solution of pentafluorophenol which is an equimolar amount 
15 to diethylzinc is added thereto dropwise and the resultant was stirred at room temperature for 1 hour; thereafter, 0.5-fold 
molar amount of 1 ,3-cyclopentanediot (a mixture of cis-isomer and trans-isomer) to diethylzinc is further added dropwise 
and stirring is carried out overnight; and then, a volatile material is removed by distillation and a solid prepared is dried 
at room temperature under reduced pressure. 

[0074] Of course, the compound used in these treatments is not limited to pentafluorophenol and 1 ,3-cyclop ntane- 
20 diol (a mixture of cis-isomer and-transisomer), and the metal compound as a raw material is not limited to a zinc 
compound. 

[0075] Next, the compound [C] represented by the general formula [7] is illustrated. 
[0076] M 3 has been already described. 

[0077] T 3 in the general formula [7] represents an atom of the Group XIV, Group XV or Group XVI of the Periodic 
2s Table of the Elements (Revised edition of IUPAC Inorganic Chemistry Nomenclature 1989), and when a plural number 
of T*'s exist, they may be mutually the same or different. Specific example of the atom of the Group XIV includes a 
carbon atom, a silicon atom and the like, specific example of the atom of the Group XV includes a nitrogen atom, a 
phosphorous atom and the like, and specific example of the atom of the Group XVI includes an oxygen atom, a sulfur 
atom and the like. T 3 is preferably a carbon atom, a nitrogen atom or an oxygen atom, further preferably a nitrogen 
30 atom or an oxygen atom, and in particular, T 3 is preferably an oxygen atom. 

[0078] "s" in the general formula [7] represents a valence of T 3 . When T 3 is the atom of the Group XIV, "s" is 4, when 
T 3 is the atom of Group XV, "s M is 3, and when T 3 is the atom of Group XVI, "s* is 2. 

[0079] R 5 in the general formula [7] represents an electron -with drawing group or a group containing an electron- 
withdrawing group, and when a plural number of R 5 's exist, they may be mutually the same or different. Examples of 
35 the electron-withdrawing group or the group containing an electron-withdrawing group are selected from those already 
described in the illustration of R 1 and R 3 and the preferable group is the same group as in R 1 and R 3 . 
[0080] Further, R 6 represents a hydrocarbon group, and a plural number of R 6 's may be mutually the same or different. 
The hydrocarbon group in R 6 is preferably an alkyl group, an aryl group or an aralkyl group. 

[0081] As the alkyl group herein, an alkyl group having 1 to 20 carbon atoms is preferable. Examples include a methyl 
*o group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl group, an 
isobutyl group, a n-pentyl group, a neopentyl group, a n-hexyl group, a n-octyi group, a n-decyl group, a n-dodecyl 
group, a n-pentadecyl group, a n-eicosyl group, and the like. A methyl group, an ethyl group, an isopropyl group, a 
tert-butyl group or an isobutyl group is more preferable. 

[0082] Any one of these alkyl groups may be substituted with a halogen atom such as a fluorine atom, a chlorin 
45 atom, a bromine atom or an iodine atom. Examples of the alkyl group having 1 to 20 carbon atoms which is substituted 
with the halogen atom include a fluoromethyl group, a difluoromethyl group, a trifluoromethyl group, a chloromethyl 
group, adichloromethyl group, atrichloromethylgroup, abromomethyl group, a-dibromomethyl group, atribromomethyl 
group, an iodomethyl group, a diiodomethyl group, a triiodomethyl group, a fluoroethyl group, a difiuoroethyl group, a 
trifluoroethyl group, a tetrafluoroethyl group, a pentafluoroethyl group, a chloroethyl group, a dichloroethyl group, a 
so trichloroethyl group, a tetrachloroethyl group, a pentachloroethyl group, a bromoethyl group, a dibromoethyl group, a 
tribromoethyl group, a tetrabromoethyl group, a pentabromoethyl group, a perfluoropropyl group, a perfluorobutyl 
group, a perfluoropentyl group, a perfluorohexyl group, a perfluorooctyl group, a perfluorododecyl group, a perfluoro- 
pentadecyl group, a perfluoroeicosyl group, a perchloropropyl group, a perchlorobutyl group, a perchloropentyl group, 
a perchlorohexyf group, a perchlorooctyl group, a perchl rododecyl group, a perchloropentadecyl group, a perchlo- 
55 roeicosyl group, a perbromo propyl group, a perbromobutyl group, a p rbromopentyl group, a perbr mohexyl group, a 
perbromooctyl group, a p rbromododecyl group, a perbromopentadecyl group, a p rbromoeicosyl group and th like. 
[0083] Further, any one of these alkyl groups may be partially substituted with an alkoxy group such as a methoxy 
group, an ethoxy gr up or the like, an aryloxy group such as a phenoxy group or the like, or an aralkyloxy group such 
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as a b nzyloxy group or th like, etc. 

[0084J As the aryl group, an aryl group having 6 1 20 carbon atoms Is preferable. Examples thereof include a phenyl 
group, a 2-tolyl group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl group a 2 6-xylyl 
gr up. a 3.4-xylyl group, a 3,5-xylyl gr up, a 2,3,4-trlmethylphenyl group, a 2,3,5-trlmethylphenyl group a 2 3 6-tri- 
methylphenyl group, a 2,4.6-trimethylphenyl group, a 3,4,5-trimethylphenyl group, a 2,3,4,5-tetramethylphenyl'group 
a 2,3,4,6-tetramethylphenyl group, a 2,3,5.6-tetramethylphenyl group, a pentamethylphenyl group, an ethylphenyi 
group, a n-propylphenyl group, an isopropylphenyl group, a n-butylphenyl group, a sec-butylphenyl group, atert-butyl- 
phenyl group, a n-pentylphenyl group, a neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl group a n- 
decylphenyl group, a n-dodecylphenyl group, a n-tetradecylphenyl group, a naphthyl group, an anthracenyl group and 
the like, and a phenyl group is more preferable. ~ 
[008S] Any one of these aryl groups may be partially substituted with a halogen atom such as a fluorin atom a 
chlorine atom, a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the 
like, an aryloxy group such as a phenoxy group or the like, or an aralkyloxy group such as a benzyloxy group or th 
like, etc. 

[0086] As the aralkyl group, an aralkyl group having 7 to 20 carbon atoms is preferable. Examples include a benzyl 
group, a (2-methylphenyl)methyl group, a (3-methylphenyl)methyl group, a (4-methylphenyl)methyl group a 
(2,3-dimethylphenyl)methyl group, a (2,4-dimethylphenyl)methyl group, a (2,5-dlmethylphenyl)methyl group' a 
(2,6-dimethylphenyl)methyl group, a (3,4-dimethylphenyl)methyl group, a (3,5-dimethylphenyl)methyl group a 
(2,3,4-timethylphenyl)methyl group, a (2.3,5-tlmethylphenyl)methyl group, a (2,3.6-timethylphenyl)methyl group a 
(3.4.5-timethylphenyl)methyl group, a (2,4,6-timethylphenyl)methyl group, a <2,3,4.5-tetramethylphenyl)methyl group 
a (2,3,4,6-tetramethylphenyl)methyl group, a (2,3,S,6-tetramethylphenyl)methyl group, a (pentamethylph nyl)m thyl 
group, an (ethylphenyl)methyl group, a (n-propylphenyl)methyl group, an (isopropylphenyl)methyl group a (n-butyl- 
phenyl)methyl group, a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl group, a (n-pentylphenyl)methyl 
group, a (neopentylphenyl)methyl group, a (n-hexytphenyl)methyl group, a (n-octylphenyl)methyl group, a (n-deeyl- 
phenyl)methyl group, a (n-dodecylphenyl)methyl group, a (n-tetradecylphenyl)methyl group, a naphthylmethyl group 
an anthracenylmethyl group and the like, and a benzyl group Is more preferable. 

[0087] Any one of these aryl groups may be partially substituted with a halogen atom such as a fluorine atom a 
chlorine atom; a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the 
like, an aryloxy group such as a phenoxy group or the like, or an aralkyloxy group such as a benzyloxy group or the 

[0088] R 6 in the general formula [7] is preferably an aryl group or an alkyl group. 

[0089] -h" in the general formula (7) represents a numeral of 1 or more, and usually an integer, "h" is pref rablv an 
integer of 1 to 5, and in particular, 1 . 

[0090] The compound represented by the general formula [7] is preferably a u-oxo-bis(alkylzinc) or u-oxo-bisf arvlz- 
inc), in particular. 7 

[0091] Two or more of molecules of the compound represented by the general formula [7] may be associated. 
[0092] The production process of the compound represented by the general formula [7] is not specifically limit d 
and for example, a process of treating an organometallic compound such as an alkylmetal. a halogenated alkylmetal 
or the like with a compound selected from a gem-dihalogenohydrocarbon. a silane. a germane . an amine a phosphine 
water, a hydrate of metal salt, hydrogen disulfide and the like, is mentioned. 

[0093] The treatment is preferably carried out under inert gas atmosphere. The treatment temperature is usually 
from -100»C to 200»C, and preferably from -80'C to 1 50»C. The treatment lime is usually from 1 minute to 36 hours 
and preferably from 10 minutes to 24 hours. Further, the treatment may use a solvent, and these compounds may be 
directly treated without using it. The solvent used is preferably an aliphatic hydrocarbon solvent, an aromatic hydr - 
carbon solvent or an ethereal solvent which is inert to an organometallic compound such as an alkylmetal a halogen- 
ated alkylmetal or the like and a compound selected from a gem-dihalogenohydrocarbon, a silane, a germane an 
amine, a phosphrne, water, a hydrate of metal salt, hydrogen disulfide and the like. Specific examples of th s Ivent 
include butane, hexane, heptane, octane, benzene, toluene, diethyl ether, di-n-butyl ether, tetrahydrofuran and the like 
[0094] Further, in the treatment, the order of dropwise addition of the compound selected from a gemdihalogenohy- 
drocarbon. a silane, a germane, an amine, a phosphine, water, a hydrate of metal salt, hydrogen disulfide and the like 
is not specifically limited, it may be successively dropwise added, may be simultaneously dropwise added and 2 or 
more of solvents may be dropwise added after mixing. Arbitrary amounts of R5 and R* can be introduced by adjusting 
the molar number of the compound selected from a gemdihalogenohydrocarbon, a silane, a germane, an amln a 
phosphine. water, a hydrate of metal salt, hydr g n disulfide and the like to the organometallic compound 
[0095] Further, as a result of the treatment, th organom tallic compound being a raw material and the compound 
se ect d f rom a g m-dihalogenohydrocarbon, a silane, a germane, an amine, a phosphine, water, a hydrat of metal 
salt, hydrogen disulfide and the like may remain as an unreacted matt r. The compound r presented by the general 
formula [7] which was obtained by the treatm nt can be used as a catalyst component for addition polymerization after 
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separation and purification such as recrystallization or the like, but the reacted solution can be also used as a catalyst 
component for addition polymerization. The solvent is pref rably removed by distillation from the reacted solution, and 
drying is preferably carried out at a temperature of 25°C or more for 1 hour or more und r reduced pressure. It is more 
preferable to carry out drying at 60 to 200°C for one to 24 hours, and most preferable at 80 to 1 60°C for 4 to 1 8 hours. 
[0096] Specific example of the production process of the compound represented by the general formula [7] is f urth r 
shown below in detail when M 3 is zinc atom and a treating agent is water. 

[0097] A process that toluene is a solvent, a hexane solution of a dialkylzinc (for example, diethylzinc) is added 
thereto and cooled at 0 °C, water of an equimolar amount to the dialkylzinc is added dropwise, and the mixture is stirred 
at room temperature for 10 minutes to 24 hours, can be adopted. Of course, those used in these treatments are not 
limited to the dialkylzinc and water. 

[0098] Then, the compound [DJ represented by the general formula [8] is illustrated. 
[0099] M 4 has been already described. 

[0100] As X 1 , specific examples of the atom of the Group XIV as X 1 include a carbon atom, a silicon atom and the 
like, specific examples of the atom of Group the XV include a nitrogen atom, a phosphorous atom and theiike, and 
specific examples of the atom of the Group XVI include an oxygen atom, a sulfur atom and the like. X 1 Is preferably a 
carbon atom, a nitrogen atom or an oxygen atom, further preferably a nitrogen atom or an oxygen atom, and in particular, 
X 1 is preferably an oxygen atom. 

[0101] V in the general formula [8] represents a numeral by 1 smaller than a valence of X 1 . When X 1 is the atom of 
the Group XIV, V is 3, when X 1 is the atom of the Group XV, "i" is 2, and when X 1 is the atom of the Group XIV, V is 1 . 
[0102] R 7 in the general formula [8] represents an electron -withdrawing group or a group containing an electron- 
withdrawing group, and when a plural number of R 7 *s exist, they may be mutually the same or different. The exampl s 
of the electron-withdrawing group or the group containing an electron -with drawing group are selected from those al- 
ready described in the illustration of R 1 and R 3 , and the preferable group is the same group as in R 1 and R 3 . 
[0103] Specific examples of X 1 R 7 i which is a combination of X 1 and R 7 when X 1 is a carbon atom, include a tri 
(fluoromethyl)methyl group, a tri(chloromethyl)methyl group, a tri(bromomethyl)methyl group, a tri(iodomethyl)methyl 
group, a tri(difluoromethyl)methyl group, a tri(dichloromethyl)methyl group, d tri(dibromomethyl)methyl group, atri(di- 
iodomethyl)methyl group, a tri(trifluoromethyl)methyl group, a tri(tiichloromethyl)methyl group, a tri(tribromomethyl) 
methyl group, a tri(tritodomethyl)methyl group, a tri(2,2,2-trifluoromethyl)methyl group, a tri(2,2,2-trichloromethyl)m - 
thyl group, a tri(2,2,2-tribromomethyl)methyl group, a tri(2,2,2-triiodomethyl)methyl group, a tri(2,2,3,3,3-pentafluoro- 
propyl)methyl group, a tri(2,2,3,3,3-pentachloropropyl)methyl group, a tri(2 l 2,3,3 1 3-pentabromopropyl)methyl group, a 
tri(2,2,3,3,3-pentaiodopropyl)methyl group, a tri(2,2,2-trifluoro-1 - trifluoromethylethyl)methyl group, a tri(2 ( 2,2-trichloro- 
1- trichloromethylethyl)methyl group, a tri(2,2,2-tribromo-1- tribromomethylethyl)methyl group, a tri(2,2,2-triiodo-1-tri- 
iodomethylethyl)methyl group, a tri(1 : 1 -di(trifluoromethyl)-2,2,2- trifluoroethyl) methyl group, a tri(1,1-di(trichlorome- 
thyl)-2,2,2-trichloroethyl)methyl group, a tri(1 ,1 -di(tribromomethyl)-2.2.2- tribromoethyl)methyl group, a tri{1 .1-di(triio- 
domethyl)-2.2,2-triiodoethyl)methyl group, a tri(2-fluorophenyl)methyl group, a tri(3-fluorophenyl)methyl group, a tri 
(4-fluorophenyl)methyl group, a tri(2-chlorophenyi)methyl group, a tri(3-chlorophenyl)methyl group, a tri(4-chlorophe- 
nyl)methyl group, a tri(2-bromophenyl)melhyl group, a tri(3-bromophenyl)methy! group, a tri(4-bromophenyl)methyl 
group, a tri(2-iodophenyl)methyl group, a tri(3-iodophenyl)methyl group, a tri(4-iodophenyl)methyl group, a tri(2.6-dif- 
luorophenyl)methyl group, a tri(3.5-difluorophenyl)methyl group, a tri(2.6-dichlorophenyl)methyl group, a tri(3.5«dtchlo- 
rophenyl)methyl group, a tri(2.6-dibromophenyl)methyl group, a tri(3.5-dibromophenyl)methyl group, a tri(2.6-diiodo- 
phenyl)methyl group, a tri(3.5-diiodophenyl)methyl group, a tri(2.4.6-trifluorophenyl)methyl group, a tri(2.4.6-trichlo- 
rophenyl)methyl group, a tri(2.4 ( 6-tribromophenyl)methyl group, a tri(2.4.6-triiodophenyl)methyl group, a tri(pentafluor- 
ophenyl)methyl group, a tri(pentachlorophenyl)methyl group, a tri(pentabromopheny!)methyl group, a tri(pentaiodo- 
phenyl)methyl group, a tri(3-(trifluoromethyl)phenyl)methyl group, a tri(4-(trifluoromethyl)phenyl)methyl group, a tri 
(2,6-di(trifluoromethyl)phenyl)methyl group, a tri(3,5-di(trifluoromethyl)phenyl)methyl group, a tri(2 : 4,6-tri(trifluorome- 
thyl)phenyl)methyl group, a tri(2-cyanophenyl)methyi group, a tri(3-cyanophenyi)methyl group, a tri(4-cyanophenyl) 
methyl group, a tri(2-nitrophenyl)methyl group., a tri(3-nitrophenyl)methyl group, a tri(4-nitrophenyl)methyl group and 
the like. Further, functional groups obtained by substituting X from carbon atom to silicon atom, and functional groups 
represented by replacing a methyl group in the above-mentioned specific examples with a silyl group, can be also 
exemplified. 

[0104] Similarly, specific examples of X 1 R 7 i when X 1 is a nitrogen atom, include a di(fluoromethyl)amlno group, a di 
(chloromethyl)amino group, a di(bromomethyl)amino group, a dl(lodomethyl)amino group, a di(difluoromethyl)amino 
group, a di(dichloromethyl)amino group, a di(dibromomethyl)amino group, a di(diiodomethyl)amino group, a di(trifluor- 
omethyl)amino group, a dt(trichloromethyl)amino group, a di(tribromomethyl)amino group, a di(triiodomethyl)amino 
group, a di(2,2,2-trifluoroethyl)amino group, a di(2,2,2-trtehloroethyl)amino group, a di(2,2,2-tribromoethyl)amino 
group, a di(2,2,2-triiodoethy))amino group, a di(2,2,3 > 3,3-pentafluoropropyl)amin group, a di(2,2,3,3,3-pentach1oro- 
propyl)amino group, a di(2,2,3,3,3-pentabromopropyl)amino group, a di(2,2,3,3,3-p ntaiodopropyl)amino group, a di 
(2,2,2-trifluoro-1-trifluoromethylethyl)amino group, a di(2,2,2-trichloro-1 -trichloromethylethyl)amino gr up, a di 
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(2,2,2-tribrom -1 -tribromomethylethyl)amino group, a di(2,2,2-triiodo-1-trliodomethylethyl)amino group, a di(1,1-bls 
(tiifluoromethy0-2,2 r 2-trifluoroothyl)amlno group, a di(1,1-di(trichloromethyl)-2 t 2,2-trichloroethyl)amino group, a di 
(1 ,1 -di(tribromomethyl)-2,2,2-tribromoethyl)amino group, a dl(1 ,1 -di(triiodom thylj^^riiodoethyljamino group, a di 
(2-fluorophenyl)amrno group, a di(3-fluoroph nyl)amino group, a di(4-fiuorophenyl)amin group, a di(2-chlorophenyl) 
amino group, a di(3-chloroph nyl)amine, a di(4-chlorophenyl)amino group, a di(2-bromophenyl)amino group, a di 
{3-bromophenyl)amlno group, a di(4-bromophenyl)amino group, a di(2-iodophenyl)amino group, a di(3-iodophenyl) 
amino group, a di(4-iodophenyl)amlno group, a di(2,6-difluorophenyl)amino group, a di(3,5-difluorophenyl)amino 
group, a di(2,6-dichlorophenyl)amlno group, a dl(3,5-dichlorophenyl)amino group, a di(2,6-dibromoph nyl)amino 
group, a di(3,5-dibromophenyl)amino group, a di(2,6-diiodophenyl)amino group, a di(3,5-diiodophenyl)amino group, 
a di(2,4,6-trif luorophenyl)amino group, a dl(2,4,64richlorophenyl)amino group, a di(2,4,6-trlbromophenyl)amino group, 
a di^AS-triiodophenyOamino group, a di(pentafluorophenyl)amino group, a di(pentachlorophenyl)amino group, a di 
(pentabromophenyl)amino group, a di(pentaiodophenyl)amino group, a di(2-(trmuoromethyl)phenyl)amino group, a di 
(3-(trifluoromethyl)phenyl)amino group, a di(4-(trifluoromethyl)phenyl)amino group, a di(2,6-di(trifluoromethyl)phenyl) 
amino group, a di(3,5-di(trifiuoromethyl)phenyl)amino group, a di(2,4,6-tri(trmuoromethyl)phenyl)amino group, a di 
(2-cyanophenyl)amlno group, a di(3-cyanophenyl)amino group, a di(4-cyanophenyl)amino group, a di(2-nltrophenyl) 
amino group, a di(3-nitrophenyl)amino group, a di(4-nitrophenyl)amino group, and the like. 

[0105] Further, a functional group obtained by substituting X from nitrogen atom to phosphorous atom, and a func- 
tional group represented by replacing an amino group in the above-mentioned specific example with a phosphino group 
can be also exemplified. 

[0106] Further, specific examples, when X 1 is an oxygen atom, include a fluoromethoxy group, a chloromethoxy 
group, a bromomethoxy group, an iodomethoxy group, a difluoromethoxy group, a dichloromethoxy group, a dibro- 
momethoxy group, a diiodomethoxy group, a trlfluoromethoxy group, a trichioromethoxy group, a tribrom methoxy 
group, a triiodomethoxy group, a 2,2,2-trifluoroethoxy group, a 2,2,2-trlchloroethoxy group, a 2,2,2-tribromoethoxy 
group, a 2,2,2-triiodoethoxy group, a 2,2,3,3,3-pentafluoropropoxy group, a 2,2,3,3,3-pentachloropropoxy group, a 
2,2,3,3,3-pentabromopropoxy group, a 2,2,3,3 ,3-pentaiodopropoxy group, a 2,2 T 2-trifluoro-1-trifluoromethylethoxy 
group, a 2,2,2-trichloro-1 -trichloromethylethoxy group, a 2,2,2-tribromo-1 -tribromomethy lethoxy group, a 2,2,2-triiodo- 
1 -triiodomethylethoxy group, a 1 ,1-di(trifluoromethyl)-2,2,2-trffluoroethoxy group, a 1 ,1-di(trichloromethyl)- 
2,2,2-trichloroethoxy group, a 1 ,t-di(tribromomethyl)-2,2.2-tr1bromoethoxy group, a 1,1-di(triiodomethyl)-2,2,2-triio- 
doethoxy group, a 2-fluorophenoxy group, a 3-fluorophenoxy group, a 4-fluorophenoxy group, a 2-chlorophenoxy 
group, a 3-chlorophenoxy group, a 4-chlorophenoxy group, a 2-bromophenoxy group, a 3-bromophenoxy group, a 
4-bromophenoxy group, a 2-iodophenoxy group, a 3-iodophenoxy group, a 4-iodophenoxy group, a 2,6-difluorophe- 
noxy group, a 3,5-difluorophenoxy group, a 3,4,5-trifluorophenoxy group, a 2,6-dichlorophenoxy group, a 3,5-dichlo- 
rophenoxy group, a 2,6-dibromophenoxy group, a 3,5-dibromophenoxy group, a 2,6-diiodophenoxy group, a 3,5-diio- 
dophenoxy group, a 2,4,6-thfiuorophenoxy group, a 2,4,6-trichIorophenoxy group, a 2,4,6-tribromophenoxy group, a 
2 f 4 f 6-triiodophenoxy group, a pentafluorophenoxy group, a pentachlorophenoxy group, a pentabromophenoxy group, 
a pentaiodophenoxy group, a 2-(trifluoromethyl)phenoxy group, a 3-(trifluoromethyl)phenoxy group, a 4-(trifluorome- 
thyl)phenoxy group, a2,6-di{trifluoromethyl)phenoxy group, a 3,5-di(trifluoromethyl)phenoxy group, a 2.4 ; 6-tri (trifluor- 
omethyl)phenoxy group, a 2-cyanophenoxy group, a 3-cyanophenoxy group, a 4-cyanophenoxy group, a 2-nitrophe- 
noxy group, a 3-nitrophenoxy group, a 4-nitrophenoxy group and the like. Further, a functional group obtained by 
substituting X from oxygen atom to sulfur atom, and a functional group represented by replacing an oxy group in the 
above-mentioned specific example with a thioxy group can be also exemplified. 

[0107] X 1 R 7 i is preferably a tri(fluoroalkyl)methyl group, a tri(fluoroaryl)methyl group, a di(fluoroalkyl)amin group, 
a di(fluoroaryl)amino group, a fluoroalkyloxy group or a fluoroaryloxy group, such as a tri(fluoromethyl)methy! group, 
a tri(pentafluorophenyl)methyl group, a di(fluoromethyl)amino group, a di(pentafluorophenyl) amino group, a trifluor- 
omethoxy group, a 2,2, 2-tri flu oro-1-trifluo romethy lethoxy group, a 1 ,1-di(t rifluoromethyl) -2,2,2-trifluoroethoxy group, a 
3,4,5-trifluorophenoxy group, or a pentafluorophenoxy group, more preferably a fluoroalkyloxy group or a fluoroaryloxy 
group such as a 2,2,2-trifluoro-l-trifluoromethylethoxy group, a 1 ,1-di(trif luo romethy I) -2,2,2-trifluoroethoxy group, a 
3,4,5-trifluorophenoxy group, or a pentafluorophenoxy group. 

[0108] R 8 in the general formula [8] represents a hydrogen atom, a halogen atom or a hydrocarbon group. Specific 
examples of the halogen atom in R 8 include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. As 
a hydrocarbon group in R 8 , an alkyl group, an aryl group or an aralkyl group is preferable. Specific examples thereof 
include the same compounds as in R 6 in the general formula [7] as described above. 

[0109] R 8 in the general formula [8] Is preferably an alkyl group or an aryl group, and more preferably an alkyl group, 
and T represents a num ral satisfying 0<t^j. T is preferably the same numeral as "J". 

[0110] Two or mor of molecul s of the compound represent d by the gen ral formula [8) may be associated. 
[0111] Among the compound repres nted by the general formula [8], specific examples of a case in which M is a 
zinc atom, include 

trifluoromethoxy(trim thylsiloxy)zinc, trifluoromethoxy(triethylslloxy)zinc, trifluoromethoxy(triphenylsiloxy)zinc, 
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2 l 2,2-trifluoroethoxy(trlmethylsiloxy)2inc, 2,2,2-trifluoroethoxy(triethyteiloxy)zinc, 2,2,2-trif!uoroethoxy(tripheny!siloxy) 
zinc, 1,1-di(trifluoromethyl)-2,2,2-trifluoro thoxy(trimethylslloxy)zinc, 1 ,1-di(trifluoromethyl)-2,2,2-trifluoroethoxy(tri- 
ethylsiloxy)zincj,1-di(trifluoromethyl)-2 t 2,2-tiifluoroethoxy(triph 2,2,2-trifluoro-1 -trifluoromethylethoxy 

(trim thylsiloxyjzlnc, 2 f 2 l 2-trifluoro-1-trifluoromethylGthoxy(triethylsiloxy)zinc, 2,2,2-trifluor -1 -trifluoromethylethoxy 
(triphenylsiloxy)zinc, 2,2 l 2 t 3,3 t 3-pentafluoropropoxy(trimethylsiloxy)zlnc ) 2,2,2,3 t 3 t 3-pentafluoropropoxy(trlethy!sl- 
!oxy)zinc, 2 1 2,2,3,3 t 3-pentafluoropropoxy(triphenylsiloxy)zinc, 2 1 4,6-trifluorophenoxy(tnmethylsjloxy)zinc, 2,4,6-trif- 
luorophenoxy(triethylsiioxy)zinc, 2 1 4 l 6-trifluorophenoxy(tripheny!siloxy)zinc, 3,4,5-trlfluorophenoxy(trimGthylsiloxy) 
zinc, 3 t 4,5-trifluorophenoxy(triethylsiloxy)zinc f 3,4,5-trifluorophenoxy(triphenylslloxy)zinc, pentafluorophenoxy(trf- 
methylsiloxyjzlnc, pentafluorophenoxy(triethylsMoxy)zinc, pentafluorophenoxy(triphenylsiloxy)zinc, 4-trlfluoromethyl- 
phenoxy(trimethylslloxy)zinc, 4-trifluoromethylphenoxy(triethylsiloxy)zinc, 4-trifluoromethylphenoxy(triphenylsiloxy) 
zinc, trifluoromethylamido(trimethylsiloxy)zinc, trffluoromethylamido(triethylsiloxy)zinc, trffluoromethylajTiido(triphenyl- 
siloxy)zinc, 2,2,2-trifluoroethylamido(trimethylsiloxy)zinc, 2,2,2-trifluoroethylamido(triethylsMoxy)zinc l 2,2,2-trifluor- 
oethylamido(triphenyIsiloxy)zinc, pentafluoroanilido(trimethyfsiloxy)zinc, pentafluoroanilido(triethylsiloxy)zinc, pen- 
tafluoroanilido(triphenylsiloxy)zinc, N-trlfluoromethylanilidoCtrimethylsiloxyJzinc, N-trffluoromethylanilido(triethylsiloxy) 
zinc, N-trtfJuoromethylanilido(triphenylsi!oxy)zinc f trichloromethoxy(trimethylsiloxy)zinc, trichloromethoxy(triethylsi- 
loxy)zine, trichloromethoxy(triphenylsiloxy)zinc, 2,2 f 2-trichloroethoxy(trimethylsiloxy)zinc l 2,2,2-trichloroethoxy(tri- 
ethyisiloxy)zinc, 2,2,2-trichloroethoxy(triphenylsiloxy)zinc, 1 ,1 -di(trichloromelhyl)-2,2,2-trichloroGthoxy(trimethylsi- 
loxy)zinc, 1 J-dKtnchloromethyO^^^-trichloroethoxyttriethylsiloxyJzinc, 1 .l-dittrichioromethyfj^^^-trichloroethoxy 
(triphenylsiloxy)zinc, 2,2,2-trichlorO'1 -trichloromethylethoxy(trimethylsiloxy)zinc, 2,2,2-trichloro-l-trichloromethyl- 
ethoxy(triethylsiloxy)zinc, 2,2,2-trichloro-1 -trich»oromethylethoxy(triphenylsiloxy)zinc, 2,2,3,3,3-pentachloropropoxy 
(trimethylsiloxy)zinc, 2 t 2 1 3,3,3-pentachloropropoxy(triethylsiloxy)zinc, 2,2,3,3,3-pentachloropropoxy(triphenylslloxy) 
zinc, 2,4 ( 6-trich(orophenoxy(trimethylsiloxy)zinc, 2,4,6-trichlorophenoxy(triethylsiloxy)zinc f 2,4,6-trichlorophGnoxy 
(triphenylsiloxy)zinc t pentachlorophenoxy(trimethylsiloxy)zinc,-pentachlorophGnoxy(triethylsiloxy)zinc, pentachlo- 
rophenoxy(triphenylsiloxy)zinc, 4-trichloromethylphenoxy(trimethylsiloxy)zinc J 4-trtehloromethylphenoxy(triethylsi- 
loxy)zinc, 4-trichloromethylphenoxy(triphGnylsiloxy)zinc, trichloromethylamido(trimGthylsiloxy)zinc ( trie hloromethy ta- 
rn ido(triethyisiloxy)zinc, trichloromethylamido(tnphenylsiloxy)zinc, 2,2,2*trich!oroGthylamido(trimGtliylsiloxy)zinc, 
2,2 f 2-trk:hloroGthylamido(triethylsiloxy)zlnc,2,2 ( 2-trichloroethylamldo(tn pGntachloroanilldo(trim th- 

ylsiloxy)zinc, pGntachloroanilido(triGthylsiloxy)zinc, pGntachloroanllido(triphGnylsi!oxy)zinc p N-trichloromethylanllido 
(trimethylsiloxy)zinc, N-trichloromethylanilido(triethylsiloxy)zinc, N-trichloromcthylanilido(triphGnylsiloxy)zinc, bis(trif- 
luoromethoxy)zinc, bis(2,2,2-trifluoroethoxy)zinc, bis(1 .l-dKtrifluoromGthyl^^^-trifluoroethoxyJzinc, bls(2,2,2-trif- 
iuoro-1-trifluoromethylethoxy)zinc, bis(2,2,3,3,3-pentafluoropropoxy)zinc, bis(2,4,6-trifluorophGnoxy)zlnc, bis 
(SAB-trifluorophenoxyJzinc, bis(pentafluorophenoxy)zinc, bis(4-trifluoromethylphenoxy)zinc, bis(trifluoromethylami- 
do)zinc, bis(pentafluoroanilido)zinc, bis(N-trifluoromethylanilido)zinc. trif luoromethoxyzinc methyl, 2,2,2-trifluoroethox- 
yzinc methyl. 1,1 -di(trifluoromethyl)-2.2,2-trifluoroGthoxyzinc methyl, 2,2.2-trifluoro-1 -trifluoromethylethoxyzincmethyl, 
2,2.3.3.3-pentatluoropropoxyzinc methyl. 2.4.6-trifluorophenoxyzinc methyl, 3.4.5-trifluorophenoxyzinc methyl, pen- 
tafluorophenoxyzinc methyl. 4-trifluoromethylphenoxyzinc methyl. 4-trifluoromethylamidozinc methyl. 2,2,2-trifluor- 
oethylamidozinc methyl. pentafJuoroanilidozinc methyl. N-trifluoromethylanilidozinc methyl, tritluoromethoxyzinc ethyl, 
2.2.2-trifluoroethoxyzinc ethyl. 1 .1-di(trifluoromethyl)-2.2.2-trifluoroethoxyzinc ethyl. 2.2,2-trifluoro-1 -trifluoromethyl- 
ethoxyzinc ethyl. 2.2.3.3.3-pentafluoropropoxyzinc ethyl, 2.4.6-trifluorophenoxyzinc ethyl. 3.4.5-trifluorophenoxyzinc 
ethyl, pentafluorophenoxyzinc ethyl. 4-trifluoromethylphenoxyzinc ethyl. 4-trifluoromethylamfdozinc ethyl. 2.2.2-trifluor- 
oethylamidozinc ethyl, pentafluoroanilidozinc ethyl. N-trifluoromethylanilidozinc ethyl and the like. 
[0112] In particular, the compound represented by the general formula [8] is preferably a bis(fluoroalkyloxy)zinc or 
a bis(«uoroaryloxy)zinc ! and most preferably bis(2.2.2-trifluoro-1-trifluoromethylethoxy)zinc. bis(3.4,5-trjfluorophe- 
noxy)zinc, bis(pentafluorophenoxy)zinc or bis (1 ; 1 -di(trifluoromethyl)-2.2.2-trifluoroethoxy)zinc. 
[0113] The production process of the compound represented by the above-mentioned general formula [8] is not 
specifically limited, and for example, a process of treating an organometallic compound such as an alkyimetal, a hal- 
ogonatGd alkylmetal or the like with a compound represented by LiX 1 R 7 i such as an alky loxy lithium compound having 
an electron-withdrawing substituent, an aryloxylithium compound having an electron -with drawing substituent, an ami- 
nolithium compound having an electron -withdrawing substituent or the like, or a compound represented by HX 1 R 7 i 
such as an alcohol having an electron-withdrawing substituent, a phenol having an electron -withdrawing substituont, 
an amine having an electron-withdrawing substituent or the like, is mentioned. 

[0114] The treatment is preferably carried out under inert gas atmosphere. The treatment temperature is usually 
from -80°C to 200°C. and preferably from -50°C to 120°C. The treatment time is usually from 1 minute to 36 hours, 
and preferably from 10 minutes to 24 hours. Further, the treatment may use a solv nt, and these compounds may be 
directly treated without using it. The solvent used is preferably an aliphatic hydrocarbon solvent, an aromatic hydro- 
carb n solvent or an ethereal solvent which is inert to the organometallic compound, the compound represented by 
LiX^R" 7 !, the compound represented by HX 1 R 7 i and the lik . 

[0115] Specific xamples of the solvent is the same examples as specifically mentioned in the it m fth comp und 
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[A]. 

[01 16] Further, in the troatm nt, the order of dropwise addition of th organom tallic compound, the compound rep- 
resented by LiX 1 R 7 i and the compound represented by HX 1 R 7 I is not specifically limited, it may be successively drop- 
wise added, may b simultaneously dropwise added, and 2 or mor of solvents may be dropwise added after mixing. 
Arbitrary amounts of (X 1 R 7 i) and R 8 can be introduced by adjusting the molar number of the compound repres nted 
by LIX 1 R 7 i and the compound represented by HX 1 R 7 i to the organometallic compound. Further, as a result of th 
treatment, the organometallic compound being a raw material, the compound represented by LiX 1 R 7 i. the compound 
represented by HX 1 R 7 i and the like, may remain as unreacted matters. The compound represented by th general 
formula [8], which was obtained by the treatment can be used as a catalyst for addition polymerization after separation 
and purification such as recrystalllzation or the like, but the reacted solution can be also used as a catalyst comp nent 
for addition polymerization. The solvent is preferably removed by distillation from the reacted solution, and drying is 
preferably carried out at a temperature of 26°C or more for 1 hour or more under reduced pressure. It is mor preferable 
to carry out drying at 60 to 200°C for one to 24 hours, and most preferable at 80 to 1 60°C for 4 to 1 8 hours. 
[01 17] Specific example of the production process of the compound represented by the general formula [8] is further 
shown below in detail when M 4 is a zinc atom and the treating agent is a phenol, include the following steps: hexane 
is used as a solvent; a hexane solution of a dialkylzinc (for example, diethylzinc) is added thereto and cooled at -78°C; 
a hydrocarbon solution of the phenol which are 2-fold molar amount to the dialkylzinc is added dropwis ; and the 
resulting mixture is stirred at room temperature for 1 0 minutes to 24 hours. Of course, those used in these treatments 
are not limited to the dialkylzinc and phenol. 

[01 18] Then, the compound [E] represented by the above-mentioned general formula [9] is illustrated. 
[0119] M 5 has been already illustrated. 

[0120] X 2 in the general formula [9] is the same as X 1 in the general formula [8] which has been already illustrated, 
and preferable elements are also the same as in X 1 . 

[0121] Further, "u" in the above-mentioned general formula [9] represents a valence of X 2 , when X 2 is an atom of 
the Group XIV, "u" is 4, when X 2 is an atom of the Group XV, °u" is 3, and when X 2 is an atom of Group XVI, "u" is 2. 
[0122] R 9 In the general formula [9] represents an electron-withdrawing group or a group containing an electron- 
withdrawing group, and when a plural number of R 9 's exist, they may be mutually the same or different. Th exempli- 
fication of the electron-withdrawing group orthe group containing an electron -with drawing group is selected from those 
already described in the illustration of R 1 and R 3 , and the preferable group is the same group as In R 1 and R 3 . Specific 
example of X 2 R 9 U „ 1 which Is a combination of X 2 and R 9 and preferable specific example thereof are the same as the 
specific example X 1 R 7 i which is previously Illustrated when X 2 is a carbon atom, a nitrogen atom or an oxygen atom. 
[0123] R 10 in the general formula [9] represents a hydrogen atom, a halogen atom or a hydrocarbon group, and when 
a plural number of R 10 's exist, they may be mutually the same or different. 

[0124] Specific example and preferable specific example of R 10 are also the same as in R 8 in the general formula 
[8] which is previously described. 

[0125] T 4 in the general formula [9] represents an atom of Group XIII of the Periodic Table. Specific examples thereof 
include a boron atom, an aluminum atom, a gallium atom and the like, and in particular, a boron atom is preferabl 
"m" in the general formula [9] represents a numeral satisfying 1 smsa, and "m" is preferably 2. Two or more of molecules 
of the compound represented by the general formula (9J may be associated. 

[0126] Among the compound represented by the general formula [9]. specific examples of a case in which M 5 is a 
zinc atom include bis(fluoroalkyloxyzincoxy)alkylborane such as bis(trifluoromethoxyzincoxy)methylborane. bis 
(1 ,1 ,3,3,3-pentafluoro-2-trifluoromethylpropoxyzincoxy)methylborane and bis(2,2,2-trifluoro-1-trinuoromethylmethox- 
yzincoxy)methylborane; bis(fluoroalkyloxyzincoxy)alkylborane such as bis(2,2,2-trifluoroethoxyzincoxy)methylborane 
and bis(2 s 2,3,3,3-pentafluoropropoxyzincoxy)methylborane; bis(fiuoroaryloxyzincoxy)alkylborane such as bis 
(2,4,6-trifluorophenoxyzincoxy)methylborane, bis(3,4,5-trifluorophenoxyzincoxy)methylborane and bis(pentaflu roph- 
enoxyzincoxy)methylborane; and bis(4-trifluoromethylphenoxyzincoxy)methylborane, bis(trrfluoromethylamidozin- 
coxy)methylborane, bis(2,2,2-trifluoroethylamidozincoxy)methylborane, bis(pentafluoroanilidozincoxy)methylborane, 
bis(N-trifluoromethylanilidozincoxy)methylborane and the like. 

[0127] In particular, the compound represented by the general formula [9] is preferably a bis(fluoroalkyloxyzincoxy) 
alkylborane or a bis(fluoroaryloxyzincoxy)alkylborane, and further preferably bis(2,2,2-trif luoro-1 -trlfluoromethylethox- 
yzincoxy)methytborane, bis(3,4,5-trifluorophenoxyz»ncoxy)methylborane f bls(pentafluorophenoxyzincoxy)methylbo- 
rane or bis(1 ,1 ,3,3,3-pentafluoro-2-trlfluoromethylpropoxyzincoxy)methylborane. 

[0128] The production process of the compound represented by the general formula [9] is not specifically limited, 
and for example, a process of treating the organometallic compound such as an alkylmetal, a halogenated alkylm tai 
or th like with an inorganic acid such as an alkylboric acid or th like, and thereafter, with the compound r presented 
by LIX 2 R 9 U . 1 such as an alkyloxylithium compound, aryloxylithium compound or amlnolithium compound having an 
electron-withdrawing substituent, or th c mpound represented by HX2R 9 ,.., such as an alcohol, phenol or amine 
having an electron-withdrawlngsubstituent orthe like, is mentioned. A process of treating the organom tallic compound 



18 



EP 1 113 026 A2 

such as an alkylmetal, a halogenated alkylmetal or the like with the compound selected from an alcohol, phenol or 
amine having an electron -with drawing substituent, is preferable. 

[0129] The treatment is preferably carried out under inert gas atm sph re. The treatment temperatur is usually 
from -100°C to 200°C, and pr ferably from -80«C to 150°C. The treatment time is usually from 1 minute to 36 hours, 

5 and preferably from 1 0 minutes to 24 hours. Further, the treatment may use a solvent, and these compounds may be 
directly treated without using it. The solvent used is preferably an aliphatic hydrocarbon solvent, an aromatic hydro- 
carbon solvent or an ether-based compound which is inert to the organ ometailic compound, the compound repres nted 
by LD^R 9 ^, the compound represented by HX 2 ^, and the like. Specific examples of the solvent is the same ex- 
amples specifically mentioned in the item of the compound [A]. 

10 [0130] Further, in the treatment, the order of dropwise addition of the organometalllc compound, the compound rep- 
resented by LiX2R9 u1 and the compound represented by HX 2 R B II . 1 is not specifically limited, it may be successively 
dropwise added, may be simultaneously dropwise added, and 2 or more of solvents may be dropwise added after 
mixing. Arbitrary amounts of (X2R* U ^) and R 10 can be introduced by adjusting the molar number of the compound 
represented by LiX 2 R 9 u .i and the compound represented by HXZR 9 ^ to the organometallic compound. Further, as a 

*s result of the treatment, the organometallic compound being a raw material, the compound represented by LiX z R 9 u .i» 
the compound represented by HX 2 R 9 U . 1 and the like may remain as un reacted matters. The compound represented 
by the general formula [9] which was obtained by the treatment can be used as a catalyst component for addition 
polymerization after carrying out separation and purification such as recrystallization or the like, but the reacted solution 
can be also used as a catalyst component for addition polymerization. The solvent is preferably removed by distillation 

20 from the reacted solution, and drying is preferably carried out at a temperature of 25*C or more for 1 hour or m re 
under reduced pressure. It is more preferable to carry out drying at 60 to 200*C for one to 24 hours, and most preferable 
at 80 to 160°C for 4 to 18 hours. 

[0131] Specific example of the production process of the compound represented by the general formula [9] is further 
shown below in detail when M s is a zinc atom, an inorganic acid is an alkylboric acid and the treating agent is a ph nol. 

25 a process that a toluene slurry of the alkylboric acid is cooled to -78°C, a prescribed amount of a hexane solution of 
a dialkylzinc is added dropwise while vigorously stirring the slurry, the temperature of the mixture is gradually raised 
to room temperature after completion of dropwise addition, further stirring is carried out for a fixed time, a prescribed 
amount of phenols is gradually added dropwise, and further stirring is carried out for a fixed time, can be adopted. 
[0132] Of course, compounds used in these treatments are not limited to the alkylboric acid, the dialkylzinc and the 

30 phenol. 

[01 33] The compounds [A] to [E] which are described above in detail are useful as the catalyst component for addition 
polymerization (particularly, catalyst component for olefin polymerization). Specific examples of the catalyst for addition 
polymerization of the present invention include a catalyst for addition polymerization obtained by contacting the com- 
pound (I) selected from the above-mentioned compounds {A] to [E] as a catalyst component for addition polymerization 
35 with the compound with a metal compound (II) of the Group III to the Group Xlt or lanthanide series, and a catalyst for 
addition polymerization obtained by contacting the catalyst component for addition polymerization (I), a metal c m- 
pound (II) of the Group III to the Group XII or lanthanide series, and an organoaluminum compound (III). 
[0134] Next, a catalyst for addition polymerization is described in detail below. (II) Metal compound of the Groups III 
to XIII or Lanthanide Series 

40 [0135] As the metal compound (M)of the Groups 111 to XII or Lanthanide Series used for addition polymerization 
catalyst of the present invention, a metal compound which is different from the above-described compound(l) is us d. 
and it is not specifically limited so far as it is a metal compound of the Groups III to XIII or Lanthanide Series of the 
Periodic Table exhibiting an addition polymerization activity by using together with the compound(l), or compound(l) 
and an organoaluminum compound, as an activating co-catalyst component. Examples of the metal compound(ll) 

45 includes metal compounds indicated by the general formula [10] described below : |i-oxo type metal compounds and 
the like. 



L a MX b [10] 

(wherein M is a metal atom of the Group 3 to Group 13 or Lanthanide Series of the Periodic Table of the Elements; L 
is a group having a cyclopentadienyl type anion skeleton or a group containing a hetero-atom, a plurality of L groups 
may be the same or different, and a plurality of L groups may be optionally linked in direct, or through a group containing 
a carb n atom, a silicone atom, a nitrogen atom, an oxygen atom, a sulfur atom or a phosphorus atom; X is a hal gen 
atom or a hydrocarbon gr up having 1 to 20 carbon at ms; a represents a numeral sati fying an expression f 0<a^8; 
b repr sents a numeral satisfying an xpression of 0<b^8.) 

[0136] In the general formula [1 0] representing the metal compound, M is a m tal atom of the Group 3 to Group 13 
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of the Periodic Table (IUPAC 1985) or Lanthanide Series. Specific examples of the metal atom include a scandium 
atom, yttrium atom, titanium atom, zirconium atom, hafnium atom, vanadium atom, ni bium atom, tantalum atom, 
chromium atom, iron atom, ruth nium atom, cobalt atom, rhodium atom, nick I atom, palladium atom, samarium atom, 
ytt rbium atom, aluminum atom, boron atom and the like. 

[0137] As the m tal compound, M is preferably a transition metal compound, more preferably a titanium atom, zir- 
conium atom or hafnium atom. 

[0138] In the general formula [10], L is a group having a cyclopentadienyl type anion skeleton or a group containing 
a hetero-atom, and a plurality of L groups may be the same or different. Further, L groups may be optionally linked in 
direct, or through a group containing a carbon atom, a silicone atom, a nitrogen atom, an oxygen atom, a sulfur atom 
or a phosphorus atom. 

[0139] A cyclopentadienyl type anion skeleton in L includes a cyclopentadienyl group, a substituted cyclopentadi nyl 
group, an indenyl group, a substituted indenyl group, a fluorenyl group, a substituted fluorenyl group and the like. 
Examples of the group having a cyclopentadiene type anion skeleton include an T| 5 -(substituted)cyclopentadienyl 
group, an T] 5 -(substituted)indenyl group, an ti ^(substituted) fluorenyl group and the like. Specific examples include an 
T| 5 -cyclopentadienyl group, an T} 5 -methylcyclopentadlenyl group, an n 5 -tert-butylcyclopentadienyl group, an n 5 - 
1 ,2-dimethylcyclopentadlenyi group, an Ti 5 -1,3-dimethylcyclopentadlenyl group, an ri 5 -1-tert-butyl-2-methylcyclopen- 
tadienyl group, an T| 5 -1 -tert-butyl-3-methylcyclopentadienyl group, an t| 5 -1 -methyl-2-isopropylcyclopentadienyl group, 
an ti 5 -1-methyl-3-isopropylcyclopentadienyl group, an ti 5 -1 ,2,3-trimethylcyclopentadienyl group, an -n. 5 -1 ,2,4-trimeth- 
yicyclopentadienyl group, an Ti 5 4etramethylcyclopentadienyl group, an ti 5 -pentamethylcyclopentadienyl group, an n 5 - 
indenyl group, an ii 5 -4,5,6,7-tetrahydroindenyl group, an Ti 5 -2-methyiindenyl group, an ti 5 -3-methylindenyl group, an 
il 5 -4-methylindenyl group, an n 5 -5-methylindenyl group, an n.5-6-methylindenyl group, an TiS-7-methylind nyl group, 
an Tt 5 -2-tert-butylindenyl group, an Ti 5 -3-tert-butylindenyl group, an n 5 -4-tert-butylindenyl group, an Tt5-5-tert-butylin- 
denyl group, an Ti5-6-ten>butylindenyl group, an Ti 5 -7-tert-butylindenyl group, an n 5 -2,3-dimethylindenyl group, an ti*- 
4,7-dimethylindenyl group, an Ti 5 -2,4,7-trimethylindenyl group, an T| 5 -2-methyl-4-isopropylindenyl group, an t\ 
4,5-benzindenyl group, an T| 5 -2-methyl-4,5-benzindenyl group, an Tt 5 -4-phenylindenyl group, an i\ 5 -2-methyl-5-phe- 
nylindenyl group, an Tt. 5 -2-methyl-4-phenylindenyl group, an Ti 5 -2-methyl-4-naphthylindenyl group, an ^.fluorenyl 
group, an ii 5 -2,7-dimethylfiuorenyl group, an n. 5 -2,7-di-tert-butylfluorenyl group(herein-after, t\* may be omitted for 
simplifying), and substitution products thereof, etc. 

[0140] The hetero-atom in the group containing a hetero-atom includes an oxygen atom, a sulfur atom, a nitrogen 
atom, a phosphorus atom and the like, and examples thereof include an alkoxy group, an aryloxy group, a thioalkoxy 
group, athioaryloxy group, an alkylamino group, an arylamino group, an alkylphosphino group, an arylphosphino group, 
or an aromatic or aliphatic heterocyclic group having an oxygen atom, a sulfur atom, a nitrogen atom and/or a phos- 
phorus atom within the ring, and a chelating ligand. 

[0141] Specific examples of the group containing a hetero-atom include a methoxy group, an ethoxy group, a n- or 
iso-propoxy group, a n-, sec-, iso- or tert-butoxy group, a phenoxy group, a 2-methylphenoxy group, a 2.6-dim thyl- 
phenoxy group, a 2,4,6-trimethylphenoxy group, a 2-ethylphenoxy group, a 4-n-propylphenoxy group, a 2-isopropyl- 
phenoxy group, a 2,6-diisopropylphenoxy group, a 4-sec-butylphenoxy group, a 4-tert-butylphenoxy group, a 2,6-di- 
sec-butylphenoxy group, a 4-tert-butyl-4-methylphenoxy group, a 2,6-di-tert-butylphenoxy group, a 4-methoxyphenoxy 
group, a 2.6-dimethoxyphenoxy group, a 3.5-dimethoxyphenoxy group, a 2-chlorophenoxy group, a 4-nitrosophenoxy 
group, a 4-nitrophenoxy group, a 2-aminophenoxy group, a 3-aminophenoxy group, a 4-aminothlophenoxy group, a 
2.3.6-trichlorophenoxy group, a 2.4.6-trifluorophenoxy group, a thiomethoxy group, a dimethylamino group, a diethyl- 
amino group, a di-n- or iso-propylamino group, a diphenylamino group, an isopropylamino group, a tert-butylamino 
group, a pyrrolyl group, a dimethylphosphino group, a 2-(2-oxy-1 -propyl)phenoxy group, catechol resorcinol. 4-iso- 
propylcatechol, 3-methoxycatechoi, a 1 ,8-dihydroxynahpthyl group, a 1 ,2-dihydroxynahpthyl group, a 2 ; 2'-biphenyldiol 
group, a 1,V-bi-2-naphthol group, a 2,2'-dihydroxy-6,6 , -dimethylbiphenyl group, a 4,4\6,6 , -tetra-tert-butyl-2,2 , -methyl- 
enediphenoxy group, a 4,4',6,6 , -tetramethyl-2,2 , -isobutylidenediphenoxy group and the like. 
[0142] Further, the hetero atom-containing group includes a group represented by the formula[11 ]: 

R^P=N- 

(wherein R a represents a hydrogen atom, halogen atom or hydrocarbon group , R a groups may be the same or diff rent, 
and two of them may be bonded mutually and may form a ring.) 

[0143] Specific Exampl s of R« include a hydrogen atom, fluorine atom, chlorin atom, bromine atom, iodine atom, 
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, t rt-butyl group, cyclohexyl group, phenyl 
group, 1 -naphtyl group, benzyl group and the lik , but are not limited thereto. 

[0144] Further, the hetero atom-containing group als includes a group represented by th g n ral formula [12]: 
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[12] 



(wherein respective R b groups independently represents hydrogen atom, halogen atom, hydrocarbon group, halogen- 
ated hydrocarbon group, hydrocarbon oxy group, silyl group or amino group, they may be the same or differ nt, and 
two or more of them may be bonded mutually and may form a ring.) 

[0145] Specific Examples of R b in the general formula [12] include a hydrogen atom, fluorine atom, chlorine atom, 
bromine atom, iodine atom, phenyl group, 1 -naphtyl group, 2-naphtyl group, tert-butyl group, 2,6-dimethyiphenyl group, 
2-fluorenyl group, 2-methylphenyl group, 4-trtfluoromethylphenyl group, 4-methoxyphenyl group, 4-pyridyl group, cy- 
dohexyl group, 2-isopropylphenyl group, benzyl group, methyl group, triethylsilyl group, diphenylmethylsilyl group, 
1 -methy-1 -phenylethyl group, 1 ,1 -dimethyl propyl group, 2-chlorophenyl group and the like, but are not limited thereto. 
[0146] Further, the chelating ligand means a llgand having a plural number of coordinating positions, and specific 
examples thereof Include an acetyl aceton ate t dlimine, oxazollne, brsoxazoline, terpyridine, acylhydrazone, diethylen- 
etriamine, triethylenetetramine, porphyrin, crown ether, cryptate and the like. 

[0147] The mutual groups having the cyclopentadienyl type anion skeleton, the group having a cyclopentadienyl typ 
anion skeleton and the group containing a hetero-atom, or the mutuaf groups containing a hetero-atom may b directly 
linked, or may be linked through a group containing a carbon atom, a silicone atom, a nitrogen atom, an oxygen atom, 
a sulfur atom or a phosphorus atom, respectively. Examples of the group include alkylene groups such as an ethylene 
group, a propylene group and the like, substituted alkylene groups such as a dimethylmethylene group, a diphenyl- 
methylene group and the like, or a silytene group, substituted siiytene groups such as a dimethylsilylene group, a 
diphenylsilylene group, a tetramethyldisilylene group and the like, or heteroatoms such as a nitrogen atom, an xygen 
atom, a sulfur atom and/or a phosphorus atom and the like. etc. 

[0148] X in the general formula [10] representing the transition metal compound is a halogen atom or a hydrocarbon 
group having 1 to 24 carbon atoms. Specific examples of X include a halogen atom such as a fluorine atom, chlorine 
atom, bromine atom, and iodine atom and hydrocarbon group having 1 to 24 carbon atoms such as a methyl group, 
ethyl group, n-propyl group, isopropyl group, n-butyl group, phenyl group, benzyl group and the like, and preferably 
include a halogen atom, alkyl group having 1 to 24 carbon atoms and aralkyl group having 7 to 24 carbon atoms. 
[0149} In the general formula [10], "a" represents a numeral satisfying an expression of 0<aS8, "b" represents a 
numeral satisfying an expression of 0<b ^8, and "a" and "b" are properly selected depending on the valency of M. 
[0150] Among the metal compounds(ll). specific examples of the compound in which a metal atom is a titanium atom 
include bis(cyclopentadienyl)titanium dichloride, bis(methylcyclopentadienyl)titanium dichloride, bis(n-butylcyclopen- 
tadienyl)titanium dichloride, bis(dimethylcyclopentadienyl)titanium dichloride, bis(ethylmethyteyclopentadienyl)titani- 
um dichloride, bis(trimethylcyclopentadienyl)titanium dichloride, bts(tetramethylcyclopentadienyl)tltanium dichtoride, 
bls(pentamethylcyclopentadieny!)trtanium dichloride, bis(indenyl)titanium dichloride, bis (4,5,6, 7-tetrahydroindenyl)ti- 
tanium dichloride, bis(fluoreny1)titanium dichloride, cyclopentadienyl(pentamethylcyclopentadlenyl) titanium dichloride, 
cyclopentadienyl(lndenyl) titanium dichloride, cyctopentadienyl(fluorenyl) titanium dichloride, indenyl(fluorenyl)trtanium 
dichloride, pentamethylcyclopentadienyl (indenyl)titanium dichloride, pentamethylcyclopentadienyl(fluorenyl)tltanium 
dichloride, ethy1enebis(cyclopentadienyl)titanium dichloride, ethylenebls(2-methylcyclopentadienyl)tltanlum dichlo- 
rld , thylen bis(3-methylcydop ntadienyl)trtanium dichloride, ethy1enebte(2-n-butylcyclopentadienyt)tltanium dichl - 
ride, thylenebis(3-n-butylcyclopentadi nyl)trtanium dichloride, ethylenebls(2,3-dirnethylcyclopentadlenyl)tltanium 
dichloride, ethylenebis(2,4-dimethylcyclopentadienyl)titanium dichloride, ethylenebis(2,5-dimethylcyclopentadienyi)ti- 
tanlum dichloride, ethylenebis(3,4-dimethylcyclopentadienyl)titanium dichloride, ethylenebis(2,3-ethy!methylcyclopen- 
tadienyl)titanium dichloride, ethylenebis(2,4-ethylmethylcyclopentadienyl)titanium dichloride, ethylenebis(2,5-ethyl- 
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methylcyck>pentadienyl)tftanium dichloride, ethylenebis(3,5*ethylmethylcyclopentadienyl)titanium dichloride, ethyl- 
enebis(2,3,4-trlmethyicyclopentadienyl)titanlum dichloride, ethyienebls(2 l 3,5-trimethylcyclopentadienyl)titanium 
dichloride, ethylenebis(t tramethylcyclopentadi nyt) titanium dichloride, ethyl n bis(indenyl)titanlum dichloride, eth- 
ylenebi8(4,5,6;7-tetrahydroindenyl)titanium dichloride, ethylenebis(2-phenylindenyl)titanium dichloride, ethylenebis 
(2-methylindenyl)t Itanium dichloride, ethylenebis(2-methyl-4-phenyllndenyl)titaniurn dichloride, ethylenebis(2-methyi- 
4-naphthylindenyl)titanium dichloride, ethylenebis(2-methyl-4,5-benzoindenyl)titanium dichloride, ethy!enebis(fluore- 
nyl)titanium dichloride, ethylene(cyclopentadienyl) (pentamethylcyclopentadienyl)titanium dichloride, ethy!ene(cy- 
clopentadienyl)(indenyl)tltanium dichloride, ethylene(methylcyclopentadienyl) (indenyl)titanium dichloride, ethylene{n- 
butylcyclopentadienyf)(indenyl)t[tanium dichloride, ethylene(tetramethylcyclopentadienyl) (indenyl)tftanium dichloride, 
ethylene(cyclopentadienyl)(fluorenyl)tttanlum dichloride, ethylene(methylcyclopentadienyl) (fluorenyl)titanium dichlo- 
ride, ethylene (pentamethylcyclopentadienyl)(fluorenyl)titanium dichloride, ethylene(n-butylcydopentadienyl) (fiuore- 
nyl)titanium dichloride, ethylene (tetramethylpentadienyl)(fluorenyI)tltanium dichloride, ethylene(indenyl)(fluorenyl)tf- 
tanium dichloride, isopropylidenebls(cyclopentadienyl) titanium dichloride, lsopropylldenebis(2-methylcyclopentadi- 
enyi)titanium dichloride, isopropylidenebis(3-methylcyclopentadienyl)titanium dichloride, isopropyiidenebis(2-n-butyl- 
cyc>opentadienyl)tltanium dichloride, isopropylidenebis(3-n-butylcyclopentadieny1)titan(um dichloride, isopropyli- 
denebis(2,3-dimethylcyclopentadieny0titanium dichloride, isopropylidenebis(2,4-dimethylcyclopentadienyl)titanium 
dichloride, isopropylidenebis(2,5'dimethy)cyclopentadienyl)titanium dichloride, teopropylidenebls(3,4-dimethyicy- 
clopentadienyl)Manium dichloride, isopropylldenebis(2,3-ethylmethyteyclopentadienyi)titanlum dichloride, isopropyli- 
denebi8(2 l 4-ethylmethylcyclopentadlenyl)titanium dichloride, isopropylidenebis(2,5-ethylmethylcyclopentadienyl)tita- 
nium dichloride, i80propylidenebis(3 I 5-ethyhiethylcyclopentadienyl)titanlum dichloride, isopropylidenebis(2,3,4-tri- 
methylcyciopentadienyl)titanium dichloride, isopropylidenebis(2,3,5-trimethylcyclopentadienyl)titanium dichloride, iso- 
propyiidenebis(tetramethytoyclopentadienyl)-titanium dichloride, isopropylidenebis(indenyl) titanium dichloride, Isopro- 
pylidenebis(4,5,6,7-tetrahydroindenyl)titanlum dichloride, lsopropylidenebis(2-phenylindenyl)titanium dichloride, Iso- 
propylidenebis(2-methylinderiyl)tJtanium dichloride, isopropylidenebis(2-methyl-4-phenylindenyl)titanium dichloride, 
isopropylidenebis(2-methyl-4-naphthylindenyi)tltanlum dichloride, isopropylidenebis(2-methyl-4,5-ben20indenyl)tita- 
nium dichloride, isopropylidenebis<fluorenyl)titanium dichloride, isopropylidene(cycJopentadienyl) (tetramethylcy- 
clopentadienyl)titanium dichloride, i8opropylidene(cyclopentadienyl)(indenyl)titanium dichloride, isopropylldene(meth- 
ylcyclopentadienyl) (indenyl)titanium dichloride, isopropylldene(n-butylcyclopentadienyl)(indenyl)titanium dichloride, 
Isopropylidene(tetramethyicyclopentadienyl) (lndenyl)titanium dichloride, isopropylidene (cyclopentadlenyl)(fluorenyl) 
titanium dichloride, isopropylidene(methyicyclopentadienyl)(fiuorenyl)tit anium dichloride, isopropylidene(n-butylcy- 
clopentadienyl)(fluorenyl)titanium dichloride, isopropylidene (tetramethylcyclopentadienyl)-(fluorenyl)titanium dichlo- 
ride, isopropylidene (indenyO(fiuorenyl)titanium dichloride,rdimethyt8ilylenebi8(cyclopentadienyl)titanium dichlorid , 
dimethyisirylenebis(2-methylcyclopentadienyl)titanlum dichloride, d»nethylsilylenebis(3-methylcyclopentadienyl)titanl- 
um dichloride, dimethylsilylenebis(2-n-butylcyclopentadienyl)titanium dichloride, dimethylsilylenebis(3-n-butyicy- 
clopentadienyl)titanium dichloride, dimethylsilylenebis(2 t 3-dimethyicyclopentadienyl)titanium dichloride, dimethylsi- 
lylenebis(2 ( 4-dimethylcyclopentadienyl)titanium dichloride, dimethyis«iylenebis(2 t 5-dimethylcyclopentadienyl}tjtanium 
dichloride, dimethy!silylenebis(3.4-dimethyicyclopentadienyi)titanium dichloride, di methyls ilyleneb is (2,3-ethylmethy I - 
cyclopentadienyljtitanium dichloride, dffnethylsiiyienebis(2.4-ethyimethylcyclopentadienyl)titanium dichloride, dimeth- 
yl&ilylenebis(2.5-ethylmethylcyclopentadienyl)titanium dichloride. dffnethylsilyienebi5(3,5-ethylmethyicyclopentadi- 
enyl)titanium dichloride, dimethylsilylenebis(2,3 1 4-trimethylcyclopentadienyl)titanium dichloride, dimethylsilylenebis 
(2.3.5-trimethylcyclopentadienyl)titanium dichloride, dimethylsilylenebis(tetramethylcyclopentadienyl)-titanium dichlo- 
ride, dimethyisilyienebis(indenyl)titanium dichloride, dimethylsiiylenebis(4,5,6 J 7-tetrahydroindenyl)titanium dichloride, 
dimethylsilylenebis(2-methylindenyl)titanium dichloride, dimethylsilylenebis(2-methyl-4-phenylindenyl)titanium dichlo- 
ride, dimethylsilylenebis(2-methyl-4-naphthylindenyl)titanium dichloride, dimetbylsily!enebls(2-methyl-4,5«benzoind - 
nyl)titanium dichloride, dimethylsilylene(cyciopentadienyl)(indenyl)titanium dichloride, dimethylsilylene(methylcy- 
clopentadienyi) (indenyl)titanium dichloride, dimethylsilylene(n-butyicyclopentadienyl)(indenyl)tltanium dichloride, 
dimethylsilyiene(tetramethy»cyclopentadienyl) (indenyl)titanium dichloride, dimethylsitylene (cyclopentadienyl)(fluore- 
nyljtitanium dichloride, dimethyl8ilylene(methylcyclopentadienyl)(fluorenyl) titanium dichloride, dimethylsiiylene(n-bu- 
tylcyclopentadienyl)(fluorenyl)titanium dichloride, dimethylsilylene-(tetramethylcyclopentadienyl) (Indenyl)tttanium 
dichloride, dimethylsilylene{indenyl)(f luorenyl)titanium dichloride, cyciopentadienyltitanium trichloride, pentamethylcy- 
clopentadlenyltitanium trichloride, cyclopentadienyl(dimethylamido)tftanium dichloride, cyclopentadienyl(phenoxy)tlta- 
nium dichloride, cyclopentadienyl(2,6-dimethylphenyi)tftanium dichloride, cyclopentadienyl(2 l 6-dii8opropylphenyl)tita- 
nium dichloride, cyclopentadienyl(2,6-di-t rt-butylphenyl)tftanlum dichloride, pentamethylcyclop ntadienyl 
(2,6-dimethylphenyi)titanium dichl ride, pentamethylcyclopentadienyl(2 ( 6-dii8opropylph nyl)titanium dichloride, pen- 
tamethylcyclopentadienyl(2,6-di-tertH3utylphenyl)titanium dichloride, indenyl(2,6-diisopropylphenyl)titanium dichlo- 
ride, fluoreny»(2,6-dii8opropylphenyl)tltanium dichloride, methylene(cyclopentadienyl)(3,5-dimethyl-2-phenoxy)titani- 
um dichloride, methyiene(cyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, methylene(cyclopentadienyl) 
(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, methyl en e (cyclop entadlenyl)(3-phenyl-2-ph noxy)titanium 
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dichloride, methylene(cycfopentadienyl)(3-tert-butyldimethy dichloride, methylene 

(cyciopentadlenyl)(3-trim thylsllyl-5-methyl-2-phenoxy)tltanium dichloride, methyl ne(cyclopentadienyl)(3-tert-butyl- 
5-methoxy-2-phenoxy)titanium dichloride, methylen (cyclopentadlenyl)(3-tert-butyl«5-chloro-2-phenoxy)titanjum 
dichloride, methylene(methylcyclopentadienyl)(3,5-dimethyI-2-phenoxy)titanium dichloride, methylene(methylcy- 
clopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, methylene(methylcyclopentadienyl)(3-tert-butyl-5-methyl- 
2-phenoxy)trtanium dichloride, methylene(methylcyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, methyl* 
ene(methylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, methylene(methylcy- 
clopentadienyl)(3-trimethylsilyl*5-methyl-2-phenoxy)titanium dichloride, methylene(methylcyclopentadienyl)(3-tert- 
butyl-5-methoxy-2-phenoxy)titanium dichloride, methylene(methylcyclopentadienyl)(3-tert-butyl-5-chloro-2i3henoxy) 
titanium dichloride, methyiene(tert-butylcyclopentadienyl)(3,5-dimethyh2-phenoxy)titanium dichloride, methylene(tert- 
butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titenium dichloride, methylene(tert-butylcyclopentadienyl)(3-tert-butyl- 
5-methyl-2-phenoxy)titanium dichloride, methylene(tert-butylcyclopentadienyl)(3-phenyl-2-phenoxy)tltanlum dichlo- 
ride, methylene(tert-butylcyclopentadienyl)(3-terVbutyldim dichloride, methyl- 
ene(tert-butylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, methylene(tert-butylcyc1open- 
tadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, methylene(tert-butylcyclopentadienyl)(3-tert-butyl- 
5-chloro-2-phenoxy)titanium dichloride, methylene(tetramethylcyclopentadienyl)(3,5-dimethyl-2*phenoxy)titanium 
dichloride, methylene(tetramethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, methyfene(tetrameth- 
ylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, methylene(tetramethylcyclopentadienyl) 
(3-phenyl-2-phenoxy)titanium dichloride, methylene{tetramethylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl- 
2-phenoxy)titanium dichloride, methylene(tetramethylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-phenoxy)titanium 
dichloride, methylene(tetramethylcyciopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, methylene 
(tetramethylcyclopentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopen- 
tadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-2-phe- 
noxyjtitanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichlo- 
ride, methylene(trimethylsilylcyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, methylene(trimethyteilylcy- 
clopentadienyl)(3-tert-butyldimethyteilyl-5-methyl-2-phenoxy)titanium dichloride, methylene(trimethylsilylcydopenta- 
dienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl- 
5-methoxy-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy) 
titanium dichloride, methylene(fluorenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, methylene(fluorenyl)(3-tert- 
butyl-2-phenoxy)titanium dichloride, methylene(fluorenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, methyl- 
ene(fluorenyl)(3-phenyl-2-phenoxy)titanium dichloride, methylene(fluorenyl)(3-tert-butyldimethylsilyl-5-methyl-2-ph - 
noxy)titanium dichloride, methylene(fluorenyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, methylene(flu- 
orenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, methylene(fluoreny1)(3-tert-butyl-5-ch!oro-2-phenoxy)ti- 
tanium dichloride, isopropylidene(cyclopentadienyl){3 1 5-dimethyi-2-phenoxy)titanium dichloride, isopropylidene(cy- 
clopentadienyl)(3-tert-butyl-2-phenoxy)titamum dichloride, isopropylidene(cyclopentadienyl)(3-tert-butyl-5-methyl- 
2-phenoxy)titanium dichloride, isopropylidene(cyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, isopropyli- 
dene(cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. isopropylidene(cyclopentadi- 
enyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. isopropylidene(cyclopentadienyl)(3-tert-butyl-5-meth- 
oxy-2-phenoxy)titanium dichloride. isopropylidene(cyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichlo- 
ride. isopropylidene(methylcyclopentadienyl)(3.5-dimethyl-2-phenoxy)titanium dichloride. isopropylidene(methylcy- 
clopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride. isopropyiidene(methylcyclopentadienyl)(3-tert-butyl-5-me- 
thyl-2-phenoxy)titanium dichloride. isopropylidene(methylcyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, 
isopropylidene(methylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, isopropyli- 
dene(methylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(methylcy- 
clopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene(methylcyclopentadienyl) (3-tert- 
butyl-5-chloro-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)tita- 
nium dichloride, isopropylidene(tert-butyicyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, isopropylidene 
(tert-butylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)t!tanium dichloride, isopropylidene(tert-butylcyclopenta- 
dienyl)(3-pheny!-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcyclopentadienyl)(3-tert-butyldimethylsilyl- 
5-methyl-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcyclopentadienyl)(3-trimethylsilyi-5-methyl-2-phe- 
noxy)titanium dichloride, isopropylidene(tert-butylC7Clopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichlo- 
ride, isopropylidene(tert-butyteyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, isopropylidene(te- 
tramethylcyclopentadienyl)(3,5-dimethyl-2-phen xy)titanium dichl ride, isopropylidene(tetramethylcyclopentadienyl) 
(3-tert-butyl-2-phenoxy)titanium dichloride, isopropylidene(tetramethylcydopentadienyl)(3-tert-butyl-5-m thyl-2-ph - 
noxy)titanium dichloride, isopropylidene(tetramethylcyclopentadienyl)(3-ph nyl-2-phenoxy)titanium dichl ride, Isopro- 
pylidene(tetramethylcyclopentadienyl)(3-tert-butyldim thylsilyl-5-methyl-2-phenoxy)tltanium dichloride, isopropyli- 
dene(tetramethylcyclopentadienyl)(3-trimethylsilyl-5-methyi-2-phenoxy)titanium dichloride, isopropylldene(tetrameth- 
ylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene(tetramethyicyclopentadi- 
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nyl)(3-tert-butyl-5-chloro-2-ph noxy)titanium dichloride, isopropyliden (trimetfiylsilylcyc<opentadienyl)(3,5-dimethyl- 
2-phenoxy)tltanium dichloride, isopropylld ne(trlmethylsilylcyclopentadienyl)(34ert-butyl-2-phenoxy)titanium dichlo- 
ride, isopropylidene(trimethylsifylcyd^^ dichloride, isopropyli- 
dene(trimethyisilylcy lopentadienyl)(3-phenyl-2-phenoxy)titanlum dichloride, isopropylidene(trimethyteilylcyclop nta- 
dlenyl)(3-tert-butyldimethyl6ilyl-5-me lsopropylidene(trimethylsilylcyclop ntadlenyl) 
(3-trimethylsrlyl-5-methyl-2-phenoxy)tltanium dichloride, lsopropylidene(trimethylsllylcyclopentadienyl)(3-tert-butyl- 
5-methoxy-2-phenoxy)tltanium dichloride, isopropylidene(trimethylsilylcyclopen^ 

noxy)tltanium dichloride, isopropylldene(fluorenyl)(3,5-dlmethyl-2-phenoxy)tltanium dichloride, isopropylid ne(fluore- 
nyl)(3-tert-butyl-2-phenoxy)tltanlum dichloride, isopropylldene(fluorenyl)(3-tert-butyl-5HTiethyl-2-phenoxy)tltanium 
dichloride, isopropylldene(fluorenyl)(3-phenyl-2'phenoxy)titanium dichloride, isopropylidene(fluorenyl)(3-t rt-butyld- 
imethylsilyl-5^ethyl-2-phenoxy)titanium dichloride, isopropylldene(fluorenyl)(34rimethylsllyl-5-methyl-2-phenoxy)ti- 
tanlum dichloride, isopropylidene(fluorenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylid ne(flu- 
orenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, diphenylmethylene(cyclopentadienyl)(3,5-dImethyl-2-phe- 
noxy)tltanium dichloride, diphenylmethylene(cyclopentadlenyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dlphenyl- 
methylene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, dlphenylmethylene(cyclopentadi- 
enyl)(3-phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(cyclopentadienyl)(3-tert-butyldimethylsilyl-5-me- 
thyl-2-phenoxy)titanium dichloride, dlphenylmethylene(cyclopentadi^^ 

dichloride, diphenylmethylene(cyclopentedienyl)(3-te^^ dichloride, diph nylmeth- 

ylene(cyclopentadienyl)(34ert-butyl-5-chloro-2-phenoxy)tltanium dichloride, diphenylmethylene(methylcyclop ntadi- 
enyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenylmethylene(methylcyclopentadienyl)(3-tert-butyl-2-phe- 
noxy)titanium dichloride, diphenylmethylene(methylcyclope 

dichloride, diphenylmethylene(methylcyclope^ dichloride, diphenylm thylene 

(methylc^clopentadienyi)(3-tert-b^ 

cyclopentadienyl)(3-trirnethylsilyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(methylcyclopentadi- 
enyl)(3-tert-butyl-5-rnethoxy-2-phenoxy)tltanium dichloride, diphenylmethylene(methylcyclopentadienyl)(3-tert-butyl- 
5-chloro-2-phenoxy)tltanium dichloride, diphenylmethylenepert-butylcyclopentadienylJfS.S-dimethyl^-phenoxyJtilani- 
um dichloride, diphenylmethylene(tert-butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titan dichloride, diphenyl- 
methylene(tert-butylcyclopentadienyl)(3^ dichloride, diphenylmethylene(tert- 

butylcyclopentadlenyl)(3iDhenyl-2-phenoxy)titanium dichloride, diphenylmethylene(tert-butylcyclopentadienyl)(3-tert- 
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(tert-butylcyclopentadienyl)(3-trimethyl- 
silyl-5-methyl-2-phenoxy)tttanium dichloride, diphenylmethylene(tert^butylcyclopentadienyl)(3-tert-butyl-5-methoxy- 
2-phenoxy)titanlum dichloride, diphenylmethylene(tert-butylcyclopem^^ 

urn dichloride, diphenylmethylene(tetramethylcyclopentadienyl)(3,5-drmethyl-2-phenoxy)titanium dichloride, diphenyl- 
methylene(tetramethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, diphenylmethylene(tetramethyl- 
cyclopentadienyl)(3-tert.butyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(tetramethylcyclopentadi- 
enyl)(3-phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-butyldim thyls- 
ilyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(tetramethylcyclopentadienyl)(3-trimethylsilyl-5-me- 
thyl-2-phenoxy)titanium dichloride, diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phe- 
noxy)titanium dichloride. diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium 
dichloride. diphenylmethylene(trimethyteilylcyclopentadienyl)(3. 5-dimethyl-2-phenoxy)titanium dichloride. diphenyl- 
methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titaniiim dichloride, diphenylmethylene(thmethylsi- 
lylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride. diphenylmethylene(trimethylsilylcyclopenta- 
dienyl)(3-phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-tert-butyldimeth- 
ylsilyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-trirnethylsilyl- 
5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-terl-butyl-5-m thoxy- 
2-phenoxy)titanium dichloride, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-tert-^ 

nium dichloride, dlphenylmethylene(fluorenyl){3,5-dimethyl-2-phenoxy)titanium dichloride, diphenylmethylene(fluore- 
nyl)(3-tert-butyl-2-phenoxy)titanium dichloride, diphenylmethylene(flLiorenyl)(3-tert-butyl-5-rnethyl-2-phenoxy)titani- 
um dichloride, diphenylmethylene(fluorenyl)(3-phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(fluorenyl) 
(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)tltanium dichloride, diphenylmethylene(fluorenyl)(3-trimethylsilyl-5-me- 
thyl-2-phenoxy)titanlum dichloride, diphenylmethylene(fluorenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichlo- 
ride, drphenylmethylene(fluorenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanrum dichloride, dlmethylsilylene(cyclopentadi- 
enyl)(2-phenoxy)titanium dichloride, dimethylsllylene-(cyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride, 
dimethylsilyl ne(cycl pentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, dim thylsilyl ne(cyclopentadlenyl) 
(3-t rt-butyl-2-phenoxy)trtanium dichloride, dimethylsilylene(cyclop ntadi nyl)(3-tert-butyl-5-m thyl-2-phenoxy)titani- 
um dichloride, dimethylsilylene(cyclopentadienyl)(3,5-di-teit-bLityl-2-phen xy)titanium dichloride, dimethylsilyl ne(cy- 
clopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethylsilyl ne(cyclopentadienyl)(3-tert-buty»d- 
imethylsilyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(cyclopentadienyl)(5-methyl-3.trimethylsllyl- 
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2-phenoxy)titanlum dichl ride, dimethy!silylene(cycl pentadlenyl)(3-tert-butyl-5-methoxy-2-ph noxy)titanium dlchlo- 
ride, dimethy»silylene(cyclopentadienyl)(3-tert-butyl-5^hloro-2-phenoxy)tltanium dichloride, dlmethylsilylene(cy- 
clopentadienyl)(3,5-diamyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyclop ntadlenyl)(2-phenoxy)titani- 
um dlchloride, dimethylsilylene(methylcyclopentadienyl)(3-m^ dlchloride, dimethylsllylene 

(methylcyclopentadlenyl)(3 1 5-dimethyl-2-phenoxy)titanium dlchloride, dimethylsilylene(methylcyclopentadlenyl) 
(3-tert-butyl-2-phenoxy)t!tanium dichloride, dimethylsilylene(methylcydopentadienyl)(3-tert-butyl-5-methyl-2-ph - 
noxy)titanium dichloride, dimethylsilylene(methylc^clopentadienyl)(3 ( 5-di-tert-butyh2-phenoxy)titanium dichlorid , 
dimethylsilylene(methylcyclopentadienyl)(5-m dlchloride, dimethylsilylene(methyl- 

cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyclopen- 
tadienyl)(5^ethyl-3-trimethylsilyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyclopentadienyl)(3-tert- 
butyl-5-rnethoxy-2-phenoxy)titanium dichloride, dfmethylsilylene(methylcyclopentadienyl)(3-tert-toutyl-S-chloro-2-ph - 
noxy)tftanium dichloride, dimethylsilylene(methylcyclopentadlenyl)(3,5-diamyl-2-phenoxy)tltanlum dlchloride, dimeth- 
ylsilylene(n-butylcyclopentadienyl)(2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-m - 
thyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)titanlum dichlo- 
ride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert^utyl-2-phenoxy)trtanium dichloride, dimethylsilylene(n-butylcy- 
clopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanrurn dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3,5-di- 
tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butytyclopentadienyl)(5-m 
nium dichloride, dimethylsilylene(n-butylcyclopenladienyl)(3-tef1-butyldimethylsilyl*5-met 

dichloride, d imethylsilylene(n-butylcyc I o pentad ienyl)(5HTiethy^ dichloride, dimeth- 

yls ily I en e(n-butyk^cl opentadieny I) (3 «tenNbutyl-5-m dichloride, dimethylsllylene(n-butylcy- 

clopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsllylene(n-butylcyclopentadienyl){3,5-di- 
amyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(2-phenoxy)titanium dichloride, 
dimethylsilylene(tert-butylcyclopentadlenyl)(3-m^ dichloride, dimethylsilylene(tert-butylcy- 

clopentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, di methyls ilylene(tert-butylcyclo pentad ieny I) (3-tert-butyl- 
2-phenoxy)titanium dichloride, dimethyls ilyiene(tert-butylcyclopentadienyl)(3-tert-buty 1-5- methy 1-2- phenoxy)titanium 
dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3,6-di-tert-butyl-2-phenoxy)titanium dichloride, dimethylsi- 
lylene(tert-butyteyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcy- 
clopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopen- 
tadienyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3-tert- 
butyl-5-methoxy-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3-tert-butyl-5-chloro- 
2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3,5-diamyl-2-phenoxy)titanium dichloride, 
dimethylsilylene(tetramethylcyclopentadienyl)(2-phenoxy)titanium dichloride, dimethylsilylene(tetramethylcyclop nta- 
dienyl)(3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(tetramethylcyclopentadienyl)(3,5-dimethyl-2-phe- 
noxyjtitanium dichloride, dimethylsilyiene(tetramethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, 
dimethylsilylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene 
(tetramethylcyclopentadienyl)(3.5-di-tert-butyl-2-phenoxy)titanium dichloride. dimethylsilylene(tetramethylcyclopenta- 
dienyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride. dimethylsilylene(tetramethylcyclopentadienyl)(3-tert-butyld- 
imethylsilyl-5-methyl-2-phenoxy)titanium dichloride. dimethylsilylene(tetramethylcyclopentadienyl){5-methyl-3-tri- 
methylsilyl-2-phenoxy)titanium dichloride. dimethylsiiylene{tetramethylcyclopentadienyi)(3-tert-butyl-5-methoxy- 
2-phenoxy)titanium dichloride. dimethylsilylene^^ 

dichloride, dimethylsilylene(tetramethylcyclopentadienyl)(3.5-diamyl-2-phenoxy)titanium dichloride. dimethylsilyl ne 
(trimethylsilylcyclopentadienyl)(2-phenoxy)titanium dichloride. dimethylsilylene(trimethylsilylcyclopentadienyl)(3-me- 
thy1-2-phenoxy)titanium dichloride, dimethylsilyiene(trimethylsilylcyclopentadienyl)(3 ( 5 - dimethyl-2-phenoxy)titanium 
dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl)(3-tert'butyl-2>phenoxy)titanium dichloride, dimethylsilylene 
(trimethylsilylcyclopentadienyl)(3-tert-buty!-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsilylcy- 
clopentadienyl)(3,5 - di-tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl) 
(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl)(3-tert-butyldimeth- 
ylsilyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsiiylcyclopentadienyl)(5-methyl-3-trimethylsi- 
lyl-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy) 
titanium dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichlo- 
ride, dimethylsilylene(trimethylsilylcyclopentadienyl)(3,5- diamyl-2-phenoxy)titanium dichloride, dimethy1silylene(inde- 
nyl)(2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene 
(indenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(3-tert-butyl-2-phenoxy)titanium dichlo- 
ride, dimethylsilylene(indenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichl ride, dimethylsilylene(indenyl)(3,5-di- 
tert-butyl-2-phenoxy)titanium dichl ride, dim thylsilylene(indenyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, 
dimethylsilylene(indenyl)(3-tert-butyldlmethylsilyl-5-methyl-2-ph noxy)titanium dichl ride, dim thylsilylene(indenyl) 
(5-m thyl-3-trim thylsilyl-2-phenoxy)titanium dichlorid , dimethylsilylene(indenyl)(3-tert-butyl-5-methoxy-2-phenoxy) 
titanium dlchloride, dimethylsilylene(indenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsilylene(in- 
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denyl)(3,5-diamyl-2-phenoxy)titanium dichl ride, dim thylsilylene(fluorenyl)(2-ph noxy)tltanium dichloride, dim thyl- 
silylene(fiuorenyi)(3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(fluorenyl)(3,5-dim thyl-2-phenoxy)titani- 
urn dichloride, dimethylsilylene(fluorenyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(fluorenyl)(3-tert- 
butyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylen (fluorenyl)(3 t 5-di-tert-butyl-2-phenoxy)tltanium dichlo- 
ride, dimethylslly!ene(fluorenyl)(5-methyi-3-phenyl-2-phenoxy)titanium dichloride, dimethylsllyl©ne(fluorenyl)(3-tert- 
butyldimethylsilyl-5-methyl-2-phenoxy)tltanium dichloride, dimethyl8ilylene(fluorenyl)(5-methyl-3-trimethyisiiyl-2-phe- 
noxy)tltanium dichloride, dimethylsilylene(fluorenyl)(3-tert-butyl-5-methoxy-2i3henoxy)titanium dichloride, dim thylsi- 
lylene(fluorenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dlmethylsilylene(fluorenyl)(3,5-diamyl-2-phe- 
noxy)titanium dichloride, dlmethylsilylene(tetramethylcyclopentadienyl)(1-naphthox-2-yl)titanium dichloride and the 
like, and compounds wherein (2-phenoxy) of these compounds is replaces with (3-phenyl-2-phenoxy), (3-trirnethylsiiyl- 
2-phenoxy) or (3-tert-butyldlmethylsilyl-2-phenoxy), compounds wherein dfmethylsilylene of these compounds Is re- 
placed with diethylsiiylene, diphenylsilylene or dimethoxysilylene, compounds wherein dichloride of these compounds 
is replaced with difluoride, dibromlde, diiodide, dimethyl, diethyl, diisopropyl, bis(dimethylamido), bis(diethylamido), 
dimethoxlde, diethoxide, di-n-butoxlde or diisopropoxide. (tert-butylamldo)tetramethy1cyclopentadienyl-1,2-ethan di- 
yltitanium dichloride, (tert-butylamldo)tetramethylcyclopentadlenyl-1,2*ethanediyititanlum dimethyl, (tert-butylamido) 
tetramethyteyclopentadlenyl-1,2-ethanediyltltanium dibenzyl, (methylamido)tetramethylcyclopentadienyl-l ,2- than- 
ediyltitanium dichloride, (ethylamido)tetramethylcyclopentadienyl-1 ,2-ethanediyititanium dichloride, (tert-butylamido) 
tetramethytcyclopentadienyldimethylsilane titanium dichloride, (tert-butylamido)tetramethyteyclopentadienyldimethyl- 
silane titanium dimethyl, (tert-butylamido)tetramethylcyclopentadienyldimethylsilane -titanium dibenzyl, (benzylamido) 
tetramethylcyclopentadienyl-dimethylsilanetitanium dichloride, (phenylphosphido)tetramethylcydopentadlenyldime- 
thyl -silanetitanium dibenzyl, {tert-butylamido)indenyl-1,2-ethanediyltitanium dichloride, (tert-butylamido)indenyl- 
1 ,2-ethanediyltltanium dimethyl, (tert-butylamido)tetrahydroindenyM ,2-ethanediyltitanium dichloride, (tert-butylamido) 
tetrahydroindenyl-1,2-ethanediyltitanium dimethyl, (tert-butylamido)fluorenyM ,2-ethanediyltitanium dichloride, (tert- 
butylamido)fluorenyl-1 ,2-ethanediyltitanium dimethyl, (tert-butylamldo)indenyldimethylsilanetitanium dichloride, (tert- 
butylamido) indenyldimethy Is ilanetitani urn dimethyl, (tert-butylamido)tetrahydroindenyldimethylsllanetitanium dichlo- 
ride, (tert-butylamido)tetrahydroindenyldimethyisilanetitanium dimethyl, (tert-butylamido)fluorenyldimethylsiianetitani- 
um dichloride, (tert-butylamido)fluorenyldimethylsilanetitanlum dimethyl, (dimethylaminomethyl)tetramethylcyclopen- 
tadienyl-titanium(lll) dichloride, (dimethylaminoethyl)tetramethylcyclopentadienyl-titanlum(IH) dichloride, (dimethyl- 
aminopropyl)tetramethylcyclopentadienyl-titanium(lll) dichloride, (N-pyrrolldinylethyl)tetramethylcyclopentadienyl-tita- 
nlum dichloride, (B-dimethylaminoborabenzene)cyclopentadienylzirconium dichloride, cyclopentadienyl(9-m sltylbo- 
raanthracenyl)zirconium dichloride, 2 l 2 , -thiobis[4-methyl-6-(1-methylethyl)phenoxyJtitanium dichloride, 2,2'-thiobis 
[4,6-dimethylphenoxyltitanlurn dichloride, 2,2 , -thiobis(4-methyl-6-tert-butylphenoxy)trtanium dichloride, 2,2 4 -methyl- 
enebis(4-methyl-6-tert-butylphenoxy)titanium dichloride, 2,2'-ethylenebis(4-methyl-6-tert-butylphenoxy)titanium 
dichloride. 2,2'-sulfinylbis(4-methyl-6-tert-butylphenoxy)titanium dichloride, 2,2*-(4,4\6,6 , -tetra-tert-butyl-1 ,1 '-biphe- 
noxy)titanium dichloride, 2,2'-thiobis[4-methyl-6-tert-butylphenoxy]titanium diisopropoxide, 2,2'-methylenebis(4-me- 
thyl-6-tert-butylphenoxy)titanium diisopropoxide, 2 1 2 , -ethylenebis(4-methyl-6-tert-butylphenoxy)titanium diisopropox- 
ide, 2,2*-sulfinylbis(4-methyl-6-tert-butylphenoxy)titanium diisopropoxide, (di-tert-butyl-1 .3-propanediamido)titanium 
dichloride, (dicyclohexyl-1,3-propanediamido)titanium dichloride, [bis(trimethylsilyl)-1 ,3-propanediamidoJtitanium 
dichloride, [bis(tert-butyldimethylsilyl)-1 ,3-propanediamidoJtitanium dichloride. [bis(2.6-dimethylphenyl)-1 5 3-propan - 
diamido]titanium dichloride, [bis(2,6-diisopropylphenyl)-1,3-propanediamido]titanium dichloride, fbis(2.6-di-tert-butyi- 
phenyl)-1.3-propanediamidojtitanium dichloride, [bis(triisopropylsilyl)naphthalenediamido]trtanium dichloride. [bis(tri- 
methylsilyljnaphthalenediamidojtitanium dichloride, [bis(tert-butyldimethylsilyl)naphthalenediamido]titanium dichlo- 
ride, [bis(tert-butyldimethylsilyl)naphthalenediamido]titanium dibromide, {hydrotris(3,5-dimethylpyrazolyl)borate]titani- 
um trichloride, [hydrotris(3,5-dimethylpyrazolyl)borate]titanium tribromide, [hydrotris(3,5-dimethylpyrazolyl)borate]tita- 
nium triiodide, [hydrotris(3,5-diethylpyrazolyl)borate]titanium trichloride, [hydrotris(3,5-diethylpyrazolyl)borat ]titanium 
tribromide, [hydrotris(3,5-diethylpyrazolyl)borate)titanium triiodide, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]titanium 
trichloride, [hydrotris(3,5-di-tert-butylpyrazoiyl)borateJtitanium tribromide, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]ti- 
tanium triiodide, [tris(3,5-dimethylpyrazolyl)methyl}titanium trichloride, [tris(3,5-dimethylpyrazolyl)methyl]titanium tri- 
bromide, [tris(3,5-dimethylpyrazolyl)methyl]titanium triiodide, [tris(3,5-diethylpyrazolyl)methylltitanium trichloride, [tris 
(3,5-diethylpyrazolyl)methyl]titanium tribromide, [tris(3,5-diethylpyrazolyl)methyl]titanium triiodide, [tris(3,5-di-tert- 
butylpyrazolyl)methyl]titanium trichloride, [tris(3,5-di-tert-butylpyrazoly1)methyljtitanium tribromide, [tris(3,5-di-tert- 
butylpyrazolyl)methyl]titanium triiodide and the like, compounds In which titanium of these compounds is replaced with 
zirconium or hafnium, compounds in which (2-phenoxy) of these compounds is replaced with (3-phenyl-2-ph noxy), 
(3-trimethylsilyl-2-phenoxy) or (3-tert-butyldimethylsilyl-2-phen xy), compounds in which dimethylsilylene of thes 
comp unds Is replaced with diethylsiiylene, diphenylsilyl ne, or dimethoxysilylene, compounds in which dichloride of 
thes compounds is replaced with dlfluorid , dibromide, diiodide, dim thyl, diethyl, diisopropyl, bis(dimethylamid ), 
bis(diethylamlde), dimethoxide, diethoxide, di-n-butoxide, diisopropoxide or bis(dlacetoxy) and the like. 
[0151J Among the metal compounds(ll) r present d by the general formula [1 0], specific xamples of a compound 
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in which a metal atom is a nickel atom includ 2,2 , -methylenebis[(4R)-4-phenyl-5,5'-dim thyloxazoline]nickel dichl - 
ride, a^'-methylenebis^RJ-A-phenyl-S.S'-dlmethyloxazolinelnickel dibromide, 2,2'-methylenebis[(4R)-4-ph nyl-5,5'- 
diethyloxazolinejnickel dichloride, 2,2 , -methylenebis[(4R)-4-phenyl-5,5'-diethyloxazoiine]nick I dibromide, 2,2'-meth- 
ylenebls[(4R)-4-phenyI-5,5'-di-n-propyloxazoline]nickel dichloride, 2 ( 2'-methylen bis[(4R)-4-phenyl-5,5'-di-n-propy- 
loxazolinejnickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5'-diisopropyloxazoline]nickel dichloride, 2,2 , -methyl- 
enebis[(4R)-4-phenyl-5,5'-diisopropyloxazoline]nickel dibromide, 2 f 2 l -methylenebis[(4R)-4-phenyl-5,5 , -dicyclohexy- 
loxazolinejnickel dichloride, 2,2 , -methylenebis[(4R)-4-phenyl-5,5 , -dicyclohexyloxazolineJnickel dibromide, 2,2'-meth- 
ylenebis[(4R)-4-phenyl-5 1 5 , -dimethoxyoxazoline]nickel dichloride, 2,2' *methylenebis[(4R)-4-phenyh5,5 , -dimethoxyox- 
azolinejnickeJ dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5 , -diethoxyoxazoline]nickel dichloride, 2,2*-methy!enebis 
[(4R)-4-phenyl-5,5'-diethoxyoxazoline]nickel dibromide, 2,2 4 -methylenebis[(4R)-4-phenyl-5,5 , -diphenyloxazoline]nick- 
el dichloride, 2,2'-methylenebis[(4R)-4-phenyl-5,5'-diphenyloxazolinelnickel dibromide, methylenebis[(4R)-4-methyl- 
5,5 # -di-(2-methylphenyl)oxazoline]nickel dibromide, methylenebis[(4R)-4-methyl-5,5*-di-(3-methylphenyl)oxazoline] 
nickel dibromide, methylenebis[(4R)-4-methyl-5,5 , -di-(4-methylphenyl)oxa2oline]nickei dibromide, methylenebls[(4R)- 
4-methyl-5 f 5'-di-(2-methoxyphenyi)oxazoline)nickel dibromide, methylenebis[(4R)-4-methyl-5,5'-di-(3-methoxyphe- 
nyl)oxazoline]nickel dibromide, methylenebis[(4R)-4-methyl-5,5'-di-(4-methoxyphenyl)oxazoline)nickel dibromide, 
methylenebis[spiro{(4R)-4-methyloxazoline-5,r-cyclobutane}]nickel dibromide, methylenebis[spiro{(4R)-4-methyl- 
oxazoline-5,V-cyclopentane}]nickel dibromide, methylenebis[spiro{(4R)-4-methyloxazoline-5,1 '-cyclohexan }]nickel 
dibromide, methylenebis[spiro{(4R)-4-methyloxazoline-5, 1 '-cycloheptanejjnickel dibromide, 2,2 , -methylenebis[(4R)- 
4-isopropyl-5,5-dimethyloxa2oline]nickel dibromide, 2 ,2'-methylenebis[(4R)-4-isopropyl -5, 5-diethyloxazoline]nickel di- 
bromide, 2,2'-methylenebis[(4R)-4-isopropyl-5,5-di-n-propyloxazoline]nickel dibromide, methylenebis[(4R)-4-lsopro- 
pyl-5,5-diisopropyloxazoline]nickel dibromide, 2,2 , -methylenebis[(4R)-4-isopropyl-5 1 5-dicyclohexyloxazoline)nickel di- 
bromide, 2,2'-methylenebis[(4R)-4-isopropyl-5,5-diphenyloxazoline]nickel dibromide, 2,2*-methylenebls[(4R)-4-lso- 
propyl-5,5-di-(2-methylphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-isopropyl-5,5-di-(3-methylphenyl) 
oxazoline]nickel dibromide, 2,2 , -methylenebis[(4R)-4-isopropyl-5,5-di-(4-methylphenyl)oxazoline]nickel dibromide, 
2,2 , 'methylenebis[(4R)-4-isopropyl-5,5-di-(2-methoxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[(4R)- 
4-isopropyl-5,5-di-(3-methoxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-isopropyl-5,5-di-(4-meth- 
oxyphenyl)oxazo1ine]nickel dibromide, 2 l 2 , -methy1enebis[spiro{(4R)-4-isopropyloxazoline-5 1 1 , -cyclobutane}]nick I di- 
bromide, 2,2'-methylenebis[spiro{(4R)-4-isopropyloxazoline-5 l 1 , -cyclopentane}]nickel dibromide, 2 ,2' -methylene bis 
[spiro{(4R)-4-isopropyloxazoline-5,1'-cyclohexane)]nickel dibromide, 2,2 , -methylenebis[spiro{(4R)-4-isopropyloxazo- 
line-S.V-cycloheptaneJJnickel dibromide, 2,2'-methylenebis[(4R)-4-isobutyl-5 ? 5-dimethyloxazoline|nickel dibr mide, 
2,2'-methylenebis[(4R)-4-isobutyl-5,5-diethyloxazoline]nickel dibromide, 2 ; 2'-methylenebis[(4R)-4-isobutyl-5,5-di-n- 
propyloxazolinejnickel dibromide, 2,2 , -methylenebis[(4R)-4-isobutyl*5,5-ditsopropyloxazoltne]ntckel dibromide, 2,2'- 
methylenebis[(4R)-4-isobutyl-5,5-dicyclohexyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-isobutyl- 
5,5-diphenyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-isobutyl-5.5-di-(2-methylphenyl)oxazoline]nickel di- 
bromide. 2.2'-methylenebis[(4R)-4-isobutyl-5.5-di-(3-methylphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[ 
(4R)-4-isobutyl-5,5-di-(4-methylphenyl)oxazoline]nickel dibromide. 2.2 , -methylenebis[(4R)-4-isobutyl-5.5-di-(2-meth- 
oxyphenyl)oxazoline)nickel dibromide. 2 ! 2 , -methylenebis|(4R)-4-isobutyl-5.5-di-(3-methoxyphenyl)oxazoline|nickel di- 
bromide. 2.2'-methylenebis[(4R)-4-isobLityl-5.5-di-(4-methoxyphenyl)oxazolineJn»ckel dibromide, 2.2 , -methylenebis 
[spiro{(4R)-4-isobutyJoxazoline-5 ; V-cyclobutane)|nickel dibromide. 2.2'-methylenebis[spiro{(4R)-4-isobutyloxazoline- 
5.1'cyclopentane)]nickel dibromide. 2.2'methylenebis[spiro{(4R)-4-isobu1yloxazoline-5. Vcyclohexane}|nickel dibro- 
mide. 2.2 , methylenebis[spiro{(4R)-4-isobutyloxazoline-5. 1 cycloheptanejjnickel dibromide. 2.2'methylenebisl(4R)- 
4-tert-butyl-5 5dimethyfoxazoline|nickel dibromide, 2.2'methylenebis[(4R)-4-tert-butyl-5.5diethyloxazoline]nicke1 di- 
bromide, 2.2 , -methylenebis[(4R)-4-tert-butyl-5,5-di-npropyloxazoline]nickel dibromide. 2.2'-methylenebis[(4R)-4-tert- 
butyl-5,5-diisopropyloxazoline]nickel dibromide. 2 f 2'-methylenebis[(4R)-4-tert-butyl-5,5-diphenyloxazoline]nickel di- 
bromide, 2,2 , -methylenebis((4R)-4-tert-butyl-5,5-dicyclohexyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)- 
4-tert-butyi-5,5-di-(2-methylphenyl)oxazoline]nickel dibromide, 2,2 , -methyJenebis[(4R)-4-tert-butyl-5,5-di-(3-methyl- 
phenyl)oxazoline]nickel dibromide, 2,2 , -methylenebis[(4R)-4-tert-butyl-5,5-di-(4-methylphenyl)oxazoline]nickel dibro- 
mide, 2,2*-methylenebis[(4R)-4-tert-butyl-5,5-di-(2-methoxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[ 
(4R)-4-tert-butyl-5,5-di-(3-methoxyphenyl)oxazoline]nickel dibromide. 2,2 , -methylenebis[(4R)-4-tert-butyl-5,5-di- 
(4-methoxyphenyl)oxazolineJnickel dibromide, 2,2 , -methylenebis[spiro{(4R)-4-tert-butyloxazoline-5,V-cyclobutane}] 
nickel dibromide, 2 ( 2'-methylenebis[spiro{(4R)-4-tert-butyloxazoline-5,1 , -cyclopentane}]nickel dibromide, 2,2'-methyl- 
enebis[spiro{(4R)-4-tert-butyloxazoline-5,V-cyclohexane}]nlckel dibromide, 2,2 , -methylenebis[spiro{(4R)-4-tert-buty- 
loxazoline-5,1 '-cydoheptane}]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5-dimethyloxazoline]nickel dibro- 
mide, 2,2'-methylenebis[(4R)-4-phenyl-5,5-diethyloxazoline]nickel dibromide, 2,2 , -methylenebis[(4R)-4-pheny1-5,5-di- 
n-propyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5-diisopropyloxazolin Jnickel dibr mide, 2,2'- 
methylen bis[(4R)-4-phenyl-5,5-dicyclohexyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5-diphe- 
nyl)oxa20line]nickel dibromide, 2,2*-methylenebis[(4R)-4-ph nyl-5,5-di-(2-methylphenyl)oxazoline]nickel dibromide, 
2,2 , -methylenebis[(4R)-4-phenyl-5,5-di-(3-m thylphenyl)oxazoline]nick \ dibromide, 2,2'-methylenebis[(4R)-4-phe- 
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nyl-5 f 5-di-(4-methylphenyl)oxazoline]nickel dibromide, 2,2 , -mothyl nebis[(4R)^-phenyl-5,5-di-(2-methoxyphenyl)ox- 
a20line]nick I dibrornid , 2 1 2 , -methyleneble[(4R)-4-phenyl-5,5-df-(3-m thoxyphenyl)oxazoline]niekel dibromide, 2,2*- 
m thyl n bls[(4R)-4-phenyl-5,5-di-(4-methoxyphenyl)oxazoline]nickol dibromide, methylenebis[splro{(4R)-4-pheny- 
loxazoiin -5,1 '-cydobutane}]nickel dibromide, 2,2'-methyl nebis[spiro{(4R)-4-phenyloxazoline-5,1 '-cyclopentane}] 
nickel dibromide, 2 t 2'-methylenebis[splro{(4R)-4-phenytoxa2oline-5,1 , -cyclohexane}]nlckel dibromide, 2,2'-methyl- 
enebls[spiro{(4R)-4-phenyloxazoline-5,1 , -cycloheptane}]nickel dibromide, 2 1 2 , -methylenebis[(4R)-4-benzyl- 
5,5-dimethyloxazollne]nickef dibromide, 2,2 , -methylenebist(4R)-4-benzyl-5,5-dlethyloxazoline}nlckel dibromide, 2,2'- 
methylenebls[(4R)-4-benzyl-5,5-di-n-propyloxazoline]nlckel dibromide, 2,2'-methylenebis[(4R)-4-benzyl-5,5<liisopro- 
pyloxazoline]nickel dibromide, 2,2 , -methylenebis[(4RH-ben2yl-5,5-dicyclohexyloxazoline]nickeJ dibromide, 2,2 f - 
methylenebis[(4R)-4-benzyl-5,5-diphenyl)oxazoline]nickel dibromide, 2,2 l -methylenebis[(4R)-4-benzyl-5,5-di- 
(2-methylphenyl)oxazolineJnickel dibromide, 2,2 , -methylenebis[(4R)-4-ben2yl-5,5-di-(3-methylphenyl)oxazoline]nickel 
dibromide, 2,2'-methylenebis[(4R)-4-benzyh5 f 5-di-(4-methylphenyi)oxazoline]nickel dibromide, 2,2'methylen bls[ 
(4R)-4-ben2yl-5,5-di-(2-methoxyphenyl)oxazolineJnickel dibromide, 2,2 , -methylenebis[(4R)-4-ben2yi-5,5-di-(3-meth- 
oxyphenyl)oxazollne]nickel dibromide, 2,2 , -methylenebis[(4R)-4-benzyl-5,5-di-(4-methoxyphenyi)oxazoline]nick I di- 
bromide, 2,2'-methylenebis[spiro{(4R)-4-benzyloxazollne-5,1 l -cyclobutaneJ]nickel dibromide, 2,2' -methylenebis[spiro 
{(4R)-4-benzyloxazoline-5,1 '-cyclopentane}]nickel dibromide, 2,2 , -methylenebis[spiro{(4R)-4-benzyloxazoline-5,1 *- 
cyclohexane}}nickel dibromide, 2,2 , -methylenebis[spiro{(4R)-4-benzyloxazoline-5,1 '-cycloheptane}]nickel dibromide, 
and compounds in which (4R) in each of the above-mentioned compounds corresponds to (4S), etc. Further, exampl s 
of the meso type isomer include compounds in which (4R) of two skeletons in each of the compounds which ar 
mentioned above as the optically active substances of bisoxazolines were changed to (4R) of one oxazoline skel ton 
and (4S) of another oxazoline skeleton, and thydrotris(3,5-dimethylpyrazolyl)borate]nlckel chloride, [hydrotris 
(3,5-dimethylpyrazolyl)borate)nickel bromide, [hydrotris(3,5-dimethylpyrazolyl)borate]nickel iodide, [hydrotris 
(3,5-dlmethylpyrazolyl)borate]nickel methyl, [hydrotris(3,5-dimethylpyrazolyl)borate]nickel ethyl, [hydrotris 
(3,5-dimethylpyrazolyl)borate]nickel allyl, [hydrotris(3 , 5-dimethy I pyrazoly I )b orate) nickel methallyl, [hydrotris (3, 5-di- 
ethylpyrazolyl)borate]nickel chloride, [hydrotris^.S-diethylpyrazolyOboratelnickei bromide, [hydrotrls(3,5-diethylpyra- 
zolyl)borateJnickel iodide, [hydrotris(3,5-diethylpyrazolyl)borate]nickel methyl, [hydrotrls(3,5-diethylpyrazolyf)borate] 
nickel ethyl, [hydrotris(3,5-diethy I pyrazolyl)bo rate] nickel allyl, [hydrotris(3,5-diethylpyrazolyl)borate]nickel methallyl, 
[hydrotris(3,5-di-tert-butylpyrazolyl)borate]nickel chloride, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]nickel bromid , 
[hydrotristS.S-dhtert-butylpyrazolyOborateJnickel iodide, [ hy d rot ris (3, 5-dt-tert-buty (pyrazoly I) bo rate] nickel m thyl, [hy- 
drotris(3,5-di-tert-butylpyrazolyl)borate]nickel ethyl, [hydrotris(3,5-di-tert-butylpyrazolyl)boratejnickel allyl, [hydrotris 
(3,5-di-tert-butylpyrazolyl)borate]nickel methallyl, compounds indicated by the structural formula described below: 




(wherein each of R c and R d is a 2,6-diisopropylphenyl group, and X, R e and R' are any one of the combination of the 
substituents represented in Table 1 described below.) R 9 and R 10 may be one bi-valent group (e.g. a acenaphthyl 
group) in one united body. 



Table 1 



R*=Rl=H 


R e =R f =methyl 


Acenaphthyl by R° & R f 


X a =F 


X°= F 


X a = F 


R©= R f =H 


R»=R'=methyl 


Acenaphthyl by R° & R* 


X«= CI 


X a = CI 


X a = CI 


R°=R f =H 


Re=Rf=methyl 


Acenaphthyl by R« & R f 


X*= 1 


X«= 1 


X* = 1 
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Table 1 (continued) 



R*=R ( =H 
X*=Methyl 


Re = Rf =me thyl 

X a = methyl 


Acenaphthyl by R* & R f 
X a = methyl 


R*=R f =H 
X a = Ethyl 


Re=R*=methyl 
X a =ethyl 


Acenaphthyl by R* & R f 
X a = ethyl | 


R e =R*=H 
X a =n-propyl 


Ro=Rf=methyl 
X^ n-propyl 


Acenaphthyl by R« & R f 
X a = n-propyl 


R«=R'=H 

X a =isopropyl 


R«=Rf=methyl 
X a = isopropyl 


Acenaphthyl by R e & R f 
X a = isopropyl 


R«=Rf=H 

X a = n-butyl 


Re = Rf =me thyl 
X a = n -butyl 


Acenaphthyl by R° & R* 
X a = n-butyl 


R»=R*=H 
X a = phenyl 


R e =R f =methyl 
X a = phenyl 


Acenaphthyl by R* & R f 
X a = phenyl 


R*=R f =H 
X a = benzyl 


R*=Rf=methyl 
X a = benzyl 


Acenaphthyl by R a & R f 
X a - benzyl 



[0152] Further, compounds wherein a nickel atom is replaced with a palladium atom, a cobalt atom, a rhodium atom 
or a ruthenium atom can be similarly exemplified in the above-mentioned nickel compounds. 

[0153] Among the metal compounds(ll) represented by the general formula[11], specific examples of a compound 
in which a transition metal atom is an iron atom include 2,6-bis-[1 -(2,6dimethylphenyh'mino)ethyl]pyridineiron dichloride, 
2,6-bis-[1 -<2,6-diisopropylphenylimino)ethyl] pyridineiron dichloride, 2,6-bis-[1 -(2-tert-butylphenylimino)ethyl]pyridi- 
neiron dichloride, Ihydrotris(3,5-dimethylpyrazolyl)borate]iron chloride, [hydrotris(3,5-dimethylpyrazolyl) boratejiron 
bromide, [hydrotris(3,5-dimethylpyrazolyl)borate]iron iodide, [hydrotris(3,5-dimethylpyrazolyr)borate]iron methyl, [hy- 
drotris(3,5-dimethylpyrazolyl)borate]iron ethyl, [hydrotris(3 l 5-dimethylpyrazolyl)borate]iron allyl, [hydrotris(3,5-dimeth- 
ylpyrazolyl)borate]iron methallyl, [hydrotris<3,5-diethylpyrazolyl) boratejiron chloride, [hydrotris(3,5-diethylpyraz lyl) 
boratejiron bromide, [hydrotris(3,5-diethylpyrazolyl)borate]iron iodide, [hy drotris(3,5-diethyipyrazoty I )b orate] iron me- 
thyl, [hydrotris(3,5-diethylpyrazolyl)borate]iron ethyl, [hydrotris(3,5-diethylpyrazolyl)borate)iron allyl, [hydrotris(3,5-di- 
ethyfpyrazolyl)borate)iron methallyl, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]iron chloride, [hydrotris(3,5-di-tert- 
butylpyrazolyl)borate]iron bromide, [hydrotrislS.S-di-tert-butylpyrazolylJborateliron iodide, [hydrotris(3,5-di-tert- 
butylpyrazolyl)borate]iron methyl, [hydrotris(3 : 5-di-tert-butylpyrazolyl)borate|iron ethyl, [hydrotris(3,5-di-tert-butylpyra- 
zolyl)borate]iron allyl, {hydrotrisJS.S-di-tert-bulylpyrazolyOborateliron methallyl, and the like. 

[0154] Further, compounds wherein an iron atom is replaced with a cobalt atom or a nickel atom can be similarly 
exemplified in the above-mentioned iron compounds. 

[0155] Moreover, among the metal compounds(ll) represented by the general formula[11). specific examples of u 
-oxo type compounds include u -oxobis{isopropylidene(cyclopentadienyl)(2«phenoxy)titanium chloride}, u. -oxobis{iso- 
propylidene<cyclopentadienyl)(2-phenoxy)titanium methoxide). u -oxobis{isopropylidene(cyclopentadienyl)(3-tert- 
butyl-5-methyl-2-phenoxy)titanium chloride}, u -oxobis(isopropylidene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titanium methoxide}. u -oxobis{isopropylidene(methylcyclopentadienyl)(2-phenoxy)titanium chloride}, \i - xobis 
{isopropylidene(methy!cyclopentadienyl)(2-phenoxy)titanium methoxide}, u -oxobis{isopropylidene(methylcyclopenta- 
dienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium chloride}, -oxobis{ isopropyl idene(methylcyclopentadienyl)(3-tert- 
butyi-5-methyl-2-phenoxy)titanium methoxide}. |i -oxobis{isopropylidene (tetramethylcydopentadienyt)(2-phenoxy)ti- 
tanium chloride}, ji - oxobis{isopropylidene(tetramethylcyclopentadienyl)(2 - phenoxy)titanium methoxide}, \x - xobis 
{isopropylidene(tetramethylcycfopentadienyl)(3 - tert-butyl-5-methyl-2-phenoxy)titanium chloride}, u. -oxobis{isopro- 
pylidene (tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2^phenoxy)titanium methoxide}, u.- oxobis{dimethylsi- 
lylene(cyclopentadienyl)(2-phenoxy)titanium chloride}, u. •oxobis{dimethylsilylene(cyclopentadienyl)(2-phenoxy)titani- 
urn methoxide}, u. -oxobis{dimethylsilylene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium chlorid }, u. 
-oxobis{dimethylsilylene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium methoxide}, u. -oxobis{dimethyls- 
ilylene(methylcyclopentadienyl) (2-phenoxy)titanium chloride}, u, -oxobis{dimethylsilylene(methylcyclopentadienyl) 
(2-phenoxy)titanium methoxide}, \l -oxobis{dimethylsilylene(methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titanium chloride}, u. - oxobis{dimethylsilylene(methylcyclopentadienyl)(3-tert-butyl-5-m thyl-2-phenoxy)titanium 
meth xide}, u. - oxobis{dim thylsilylene (tetramethylcyclopentadienyl)(2-ph n xyjtitanium chloride), u. -oxobis{dimeth- 
ylsilylene (tetramethylcyclopentadienyl)(2-ph noxy)titanium methoxide}, |i -oxobls{dimethylsilylene(tetramethylcy- 
clopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium chloride}, u. -oxobisfdimethylsilylene (tetramethylcyclopen- 
tadienyl)(3-terl-butyl-5-methyl-2-phenoxy)titanium methoxide} di- n -oxobispsopropylid ne(cyclopentadienyl)(2-phe- 
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noxy)tttanium], di- [l -oxobisflsopropyliden (cyclopentadienyl)(3-tert-butyl-5-m thyl-2-ph noxy)titanlum], di-ji -oxobis 
[lsopropylidene(methylcydopentadienyl)(2-phenoxy)tltanlum], di-^oxobis[isopropylidene(methylcyclop ntadienyl) 
(3-t rt-butyl-5-methyl-2-phenoxy)tftanium], dHi-oxobis[isopropylid ne (tetramethylcyclopentadieny1)(2-phenoxy)tita- 
nlum], dl- \i -oxobls[lsopropylldene (tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium]^ di- p. -ox- 
obis [dimethylsllylen (cyclopentadienyl)(2-phenoxy)titanium], di- |x -oxobis[dimethy!sitylene(cyclopentadienyl)(3-tert- 
butyl-5-methyl-2-phenoxy)tftanium], di- \i oxobis[dimethylslVlone(methy]cyclopentadienyl)(2-ph0noxy)titanium), dl- |i 
-oxobis[dimethylsilylene(methylcydopenta^^ di-u.-oxobisfdimethylsi- 
lylene(tetramethylcyclopentadienyl) (2-phenoxy)titanium], di-jX'Oxob!s[dimethylsi(ylene(tetramethytoyclopentadienyl) 
(3-tert-butyl-5-methyl-2-phenoxy)titanium] and the like. 

[0156] Furthermore, compounds in which a titanium-atom is replaced with a zirconium atom or a hafnium atom can 
be similarly exemplified in the above-mentioned titanium compounds. 

[0157] Specific Examples of the metal compounds(ll) other than the metal compounds represented by the general 
formula [11] and n-oxo type metal compounds include nickel chloride, nickel bromide, nickel iodide, nickel sulfate as 
a compound in which metal atom is nickel atom, nickel nitrate, nickel perchlorate, nickel acetate, nickel trtfluoroacetate, 
nickel cyanide, nickel oxalate, nickel acetylacetonate, bis (allyl) nickel, bis(1 ,5-cyclooctadiene)nickel. dlchloro(1 ,5-cy- 
clooctadiene) nickel, dichlorobls(acetonitrile)nickel, dichlorobis(benzonitrile)nickel, carbonyl tris(triphenylphosphine) 
nickel, die hlorobis(trlethylphosphine) nickel, di-acetobis (triphenylphosphine)nickel, tetrakis(triphenylphosphine) nickel, 
dichloro[1,2- bis (diphenylphosphino)ethane]nlckel, bis[1 ,2-bis(diphenylphosphino)ethane]nickel, dichloro[1,3-bis 
(diphenylphosphino)propane)ntekel, bis[1 ,3-bis(dlphenylphosphino)propane]nickel, tetraamine nickel nitrate, tetrakis 
(acetonitrile)nickel tetrafluoroborate, nickel phthalocyanine, etc. 

[0158] Among the metal compounds(ll), specific examples of a compound in which a transition metal atom is a 
vanadium atom include vanadium acetylacetonate, vanadium tetrachloride, vanadium oxy trichloride and the like. 
[0159] Among the metal compounds(ll), specific examples of a compound in which a transition metal atom is a 
samarium atom include bis(pentamethylcyclopentadienyl)samarium methyltetrahydrofuran and the like. 
[0160] Among the metal compounds(ll), specific examples of a compound in which a transition metal atom is an 
ytterbium atom include bis(pentamethylcyclopentadienyl)ytterbium methyltetrahydrofuran and the like. 



(wherein respective R9 groups independently represent a hydrogen atom, halogen atom or hydrocarbon gr up, they 
may be the same or different, and two or more of them may be bonded mutually and may form a ring. Xb groups 
independently represent a hydrogen atom, halogen atom or hydrocarbon group, they may be the same or different, 
and may be bonded mutually and may form a ring.) 

[0161] These metal compounds(ll) may be used alone, or in combination of 2 or more kinds of the compounds. 
[0162] In the metal compounds described above, as a metal compound(ll) used in the present invention, compounds 
represented by the general formula [11 J are preferable. 

[0163] Among these, metal compounds in which M in the general formula [10] is a transition metal are preferable, 
and further, particularly metal compounds in which L in the general formula [10] is a group having at least one cy- 
clopentadiene type anion skeleton, are preferable. 

(Ill) Organoaluminum compound 

[0164] As the organoaluminum compound (III) which is a component used for the catalyst for addition polymerization 
of the pr sent invention, known organoaluminum compounds can be used. The organoaluminum compound indicated 
by th general formula [1 3] described below is preferable. 



\ 




/ 



R 9 
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Rb A IZ 3 . b [13] 

(wherein R h represents a hydrocarb n group, all of R h 's may be the same r diff rent. Z represents a hydrog n atom, 
a halogen atom, an alkoxy group, an aralkyloxy group or an aryloxy group, and "b" represents a numeral satisfying 0< 
b£3.) 

[0165] R h in the genera! formula [13] representing the organ oaluminum compound is preferably a hydrocarbon group 
having 1 to 24 carbon atoms, and more preferably an alkyl group having 1 to 24 carbon atoms. Specific examples 
include a methyl group, an ethyl group, a n-propyl group, a n-butyl group, an isobutyl group, a n-hexyl group, a 2-meth- 
ylhexyl group, a n-octyl group and the like, and an ethyl group, a n-butyl group, an isobutyl group or a n-hexyl group 
is preferable. 

[0166] Further, specific example of a case in which Z is a halogen atom includes a fluorine atom, a chlorine atom, a 
bromine atom, an iodine atom, and a chlorine atom is preferable. 

[0167] The alkoxy group in Z is preferably an alkoxy group having 1 to 24 carbon atoms, and specific examples 
include a methoxy group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group, a secbutoxy 
group, a tert-butoxy group, a n-pentoxy group, a neopentoxy group, a n-hexoxy group, a n-octoxy group, a n-dodecoxy 
group, a n-pentadecoxy group, a n-icosoxy group and the like, and a methoxy group, an ethoxy group or a tert-butoxy 
group is preferable. 

[0168] Any one of these alkoxy groups may be substituted with a halogen atom such as a fluorine atom, a chlorine 
atom, a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the like, or an 
aryloxy group such as a phenoxy group or the like. 

[0169] The aryloxy group in Y is preferably an aryloxy group having 6 to 24 carbon atoms, and specific examples 
include a phenoxy group, a 2-methylphenoxy group, a 3-methylphenoxy group, a 4-methylphenoxy group, a 2,3-dimeth- 
ylphenoxy group, a 2,4-dimethylphenoxy group, a 2,5-dimethylphenoxy group, a 2,6-dimethylphenoxy group, a 
3,4-dimethylphenoxy group, a 3,5-dimethylphenoxy group, a 2,3,4-trimethylphenoxy group, a 2,3,5-trimethylph noxy 
group, a 2,3,6-trimethylphenoxy group, a 2 t 4 : 5-trimethylphenoxy group, a 2,4,6-trimethylphenoxy group, a 3,4,5-tri- 
methylphenoxy group, a 2,3,4,5-tetramethylphenoxy group, a 2,3,4,6-tetramethylphenoxy group, 2,3,5,6-tetramethyl- 
phenoxy group, a pentamethylphenoxy group, an ethylphenoxy group, a n-propylphenoxy group, an isopropylphenoxy 
group, a n-butylphenoxy group, a sec-butylphenoxy group, a tert-butylphenoxy group, a n-hexylphenoxy group, a n- 
octylphenoxy group, a n-decyiphenoxy group, a n-tetradecylphenoxy group, a naphthoxy group, an anthrathenoxy 
group and the like. 

[0170] Any one of these aryloxy groups may be substituted with a halogen atom such as a fluorine atom, a chlorine 
atom, a bromine atom, an iodine atom or the like, an alkoxy group such as a methoxy group, an ethoxy group or the 
(ike. or an aryloxy group such as a phenoxy group or the like. 

[01 71 ] The aralkyloxy group in Y is preferably an aralkyloxy group having 7 to 24 carbon atoms, and specific examples 
include a benzyloxy group, a (2-methylphenyl)methoxy group, a (3-methylphenyl)methoxy group, a (4-methylphenyl) 
methoxy group, a (2.3-dimethylphenyl)methoxy group, a (2.4-dimethylphenyl)methoxy group, a (2.5-dimethylphenyl) 
methoxy group, a (2.6-dimethylphenyl)methoxy group, a (3.4-dimethylphenyl)methoxy group, a (3,5-dimethylphenyl) 
methoxy group, a (2.3.4-trimethylphenyl)methoxy group, a (2 3.5-trimethylphenyl)methoxy group, a (2.3,6-trimethyl- 
phenyl)methoxy group, a (2.4.5-trtmethytphenyl)methoxy group, a (2.4.6-trimethylphenyl)methoxy group, a (3.4.5-tri- 
methylphenyl)methoxy group, a (2.3.4.5-tetramethylphenyl)methoxy group, a (2.3.4.6-tetramethylphenyl)meth xy 
group, a (2.3.5.6-tetramethylphenyl)methoxy group, a (pentamethylphenyl)methoxy group, an (ethylphenyl)methoxy 
group, a (n-propylphenyl)methoxy group, an (isopropylphenyl)methoxy group, a (n-butylphenyl)methoxy group, a 
(secbutylphenyl)methoxy group, a (tert-butytphenyl)methoxy group, a (n-hexylphenyl)methoxy group, a (n-octylphenyl) 
methoxy group, a (n-decylphenyl)methoxy group, a (n-tetradecylphenyl)methoxy group, a naphthylmethoxy group, an 
anthrathenytmethoxy group and the like, and a benzyloxy group is preferable. 

[0172] Any one of these aralkyloxy groups may be substituted with a halogen atom such as a fluorine atom, a chlorine 
atom, a bromine atom, an iodine atom or the like, an alkoxy group such as a methoxy group, an ethoxy group r the 
like, or an aryloxy group such as a phenoxy group or the like. 

[0173] Specific examples of the organoaluminum compound represented by the general formula (13) includ trialky- 
laluminums such as trimethylaluminum, triethylaluminum, tri«n-propy!alumlnum, tri-n-butylaluminum, triisobutylalumi- 
num, tri-n-hexylaluminum, tri-n-octylaluminum and the like; dialkylaluminum chlorides such as dimethylaluminum chlo- 
ride, diethylaluminum chloride, di-n-propylaluminum chloride, di-n-butylaluminum chloride, diisobutylaluminum chlo- 
rid , di-n-hexylaluminum chloride and the like; alkylaluminum dichlorides such as m thylaluminum dichloride, ethyla- 
luminum dichl ride, n-propytaluminum dichloride, n-butylaluminum dichlorid , isobutylaluminum dichl ride, n-hexyla- 
luminum dichloride and the like; dialkylaluminum hydrides such as dimethylaluminum hydride, diethylaluminum hydride, 
di-n-propylaluminum hydride, di-n-butylaluminum hydride, diisobutylaluminum hydride, di-n-hexylaluminum hydride 
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and the like, alkyl(dialkoxy)aluminumssuch as methyl(dlmethoxy)aluminum ( methyl(diethoxy)a!umlnum, methyl(di-tert- 
butoxy)aluminum and the like; dialkyl(alkoxy)aluminums such as dimethyl(methoxy) aluminum, dimethyl( thoxy)aluml- 
num. dimethy!(t rt-butoxy)aluminum and the like; alkyl(diaryloxy) aluminums such as methyl(diphehoxy)aluminum, 
methylbis(2,6-dlis propylphenoxyjalumlnum, methylbis(2,6-diph nylphenoxy)alumlnum and the like; dialkyl(aryloxy) 
aluminums such as dimethyl(phenoxy)aluminum, dlmethyl(2,6-diisopropylphenoxy)alumlnum, dimethyl(2,6-diph nyl- 
phenoxy)alum!num and the like, etc. 

[0174] Among these, atrlalkylaluminum is preferable, andtrimethylaluminum, trlethylaluminum, tri-n-butylaluminum, 
triisobutylaluminum ortri-n-hexylaluminum, is more preferable, and in particular, triisobutylalumrnum ortri-n-h xylalu- 
minum is preferable. 

[0175] These organoaluminum compounds may be used alone, or in combination of two or more. 

[0176] The ratio (molar ratio) of the amount used of the respective catalyst components in the present Invention is 

not particularly limited, and the molar ratio of the component (I) to the component (II) is usually a molar ratio of a range 

of (I) : (II) = from 1 : 1 to 10000 : 1 , preferably from 1 : 1 to 5000 : 1 , and more preferably a molar ratio of a range of 

from 1 : 1 to 1000 : 1 . The amount used In case of using the component(lll) is usually a molar ratio of a rang of (II) : 

(III) = from 0.1 : 1 to 1 : 10000, and preferably a molar ratio of a range of from 1 : 1 to 1 : 1000. 

[0177] As the catalyst for addition polymerization of the present invention, a reaction product obtained by preliminarily 

contacting the component (I) and the component (II), optionally, further the component (III) may be also used, and they 

may be also used by being separately charged in a polymerization vessel. The arbitrary two components among them 

may be also previously contacted, and further, another component may be also contacted. 

[0178] When the respective components are used as a solution, the concentration of the component (I) and the 
component (III) are usually 0.0001 to 100 mmol/L converted to metal atom, and preferably 0.01 to 10mmol/L, respec- 
tively. The concentration of the component (II) is usually 0.0001 to 1 00 mmol/L converted to metal atom, and preferably 
0. 01 to 10mmol/L. 

[0179] The method of feeding the respective components in a reactor is not particularly limited. A method of feeding 
the respective components in a solid condition, a method of feeding them in a condition of a solution in which they are 
dissolved in a hydrocarbon solvent from which components such as moisture, oxygen and the like deactivating catalyst 
components are removed, or a suspension or a slurry, and the like are mentioned. 

[01 80] Concerning the polymerization method, it should not be specifically limited. For example, there are mentioned 
a solvent polymerization or a slurry polymerization in which an aliphatic hydrocarbon such as butane, pentane, hexane, 
heptane, octane or the like; an aromatic hydrocarbon such as benzene, toluene or the like; or a halogenated hydro- 
carbon such as methylene dichloride or the like is used as a solvent, a bulk polymerization in which polymerization is 
carried out in a liquid monomer, a gas phase polymerization in which polymerization is carried out in a gaseous mon- 
omer, a high-pressure polymerization method in which polymerization is carried out in a supercritical liquid condition 
at a high temperature under a high pressure, etc. As polymerization form, either of a batch-wise type and a continuous 
type are possible. 

[0181] The polymerization temperature is usually from -1 00 Q C to 350°C. preferably from -20°C to 300°C. and more 
preferably from 20°C to 300°C. The polymerization pressure is usually from 1 to 3500kg/cm 2 G, preferably from 1 to 
3000kg/cm 2 G, and more preferably from 1 to 2000kg/cm 2 G. In general, the polymerization time is appropriately de- 
termined according to the kind of a desired polymer and a reaction apparatus, and a range of form 1 minute to 20 hours 
can be adopted. 

[0182] As monomers which can be used, any one of olefins having 2 to 100 carbon atoms, diolefins, cyclic olefins, 
alkenyl aromatic hydrocarbons and polar monomers can be used, and two or more monomers thereof can also be 
used, simultaneously. Specific examples thereof include olefins such as ethylene, propylene, 1-butene, 1-pentene r 

4- methyl-1-pentene-1,5-methyl-1-hexene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, vinylcyclohexene and 
the like; diolefins such as 1 ,5-hexadiene, 1 F 4-hexadiene, 1 ,4-pentadtene, 1 ,7-octadiene, 1 ,8-nonadiene, 1 ,9-decadi- 
ene, 4-methyl-1 ,4-hexadiene, 5-methyM,4-hexadiene, 7-methyl-1 ,6-octadiene, 5-ethyfidene-2-norbornene, dicy- 
clopentadiene, 5-vinyl-2-norbornene, 5-methyl-2-norbornene, norbornadiene, S-methylene^-norbomene, 1,5-cy- 
clooctadiene, 5,8-endomethylenehexahydronaphthalene, 1 ,3-butadiene, isoprene, 1 ,3-hexadiene, 1 ,3-octadiene, 
1 ,3-cyclooctadiene, 1 ,3-cyclohexadiene and the like; cyclic olefins such as norbomene, 5-methylnorbornene, 5-ethyl- 
norbomene, 5-butylnorbornene, 5-phenylnorbomene, 5-benzylnorbornene, tetracyclododecene, tricyclodecen , tricy- 
cloundecene, pentacyclopentadecene, pentacyclohexadecene, 8-methyltetracyclododecene, 8-ethyltetracyclodo- 
decene, 5-acetylnorbornene, 5-acetyloxynorbornene, 5-methoxycarbonylnorbornene, 5-ethoxycarbonylnorbornen 

5- methyl-5-methoxycarbonylnorbomene, 5-cyanonorbornene, 8-methoxycarbonyrtetracyclododecene, 8-methyl-8-tet- 
racyclododecen , 8-cyanotetracyclododecen and the lik ; alkenylbenzenes such as styrene, 2-phenylpropylene, 
2-ph nylbutene, 3-phenylpropylene and the like; alkylstyrenes such as p-methylstyrene, m-m thylstyrene, o-m thyl- 
styr ne, p-ethylstyren .methylstyr ne, o-ethylstyrene, 2,4-dim thylstyrene, 2,5-dimethylstyrene, 3,4-dlmethylstyren 
3,5-dim thylstyr ne, 3-methyI-5-ethylstyren , p-tert-butylstyrene, p-sec-butylstyrene and the like; bls(alkenyl)b n- 
zenes such as divinylbenz ne and th like; alkenyl aromatic hydrocarbons such as alkenylnaphthalenes and th lik 
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such as 1 -vinylnaphthalone and the like; polar monomers such as oc.p-unsaturated carboxylic acids such as acrylic 
acid, methacrylic acid, fumaric acid, malelc anhydride, itaconic acid, itaconic anhydride, bicyclo(2,2,1)-5-heptene- 
2,3-dicarboxylic acid and the like, and metal salts thereof such as sodium, potassium, lithium, zinc, magn sium, calcium 
and the like; a, p- unsaturated carboxylic acid esters such as methyl acrylat , ethyl acrylate, n-propyl acrylate, isopropyl 

5 acrylate, tert-butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, iso- 
propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate and the like; unsaturated dicarboxylic acids such as 
maleic acid, itaconic acid and the like; vinyl esters such as vinyl acetate, vinyl propionate, vinyl capronate, vinyl caprate, 
vinyl laurate, vinyl stearate, vinyl trifluoroacetate and the like; unsaturated carboxylic acid glycidyiate such as acrylic 
acid glycidyiate, methacrylic acid glycidyiate, itaconic acid monoglycidylate and the like; etc. 

10 [0183] The present invention can be applied to homopolymerzation or copolymerzation of these monomers. Specific 
examples of the monomer constituting the copolymer include ethylene and propylene, ethylene and 1 -butene, ethylene 
and 1-hexene, propylene and 1 -butene, and the like, but the present invention should not be limited thereto. 
[01 84] In order to control the molecular weight of a polymer, a chain transfer agent such as hydrogen or the like can 
be added. 

iS [0185] The catalyst for addition polymerization of the present invention is particularly suitable as a catalyst for olefin 
polymerization, and suitably used for a production process of an olefin polymer. The olefin polymer is preferably a 
copolymer of ethylene with an a-olefin in particular, and specifically, a linear low density polyethylene (LLDPE) is 
preferable. Further, a propylene polymer is preferably as the olefin polymer in particular 

20 EXAMPLE 

[0186] The present invention is further illustrated in detail according to Examples and Comparative Examples below, 
but the present invention is not limited thereto. 

[0187] The measurement values of respective items in Examples were measured according to methods described 
25 below. 

(1 ) The content of a-olefin unit in a copolymer was determined by using a calibration curve from the characteristic 
absorption of ethylene and a-olefin using an infrared spectrometer (FT -IR7300, manufactured by NIPPON BUNKO 
Inc.) and was represented as a short-chain branch (SCB) number per 1 000 carbon atoms. 
30 (2) Intrinsic viscosity (ft]): 

It was measured at 135°C in a tetralin solution using an Ubbelohde viscometer. 
(3) Measurement of 13 C-NMR 

JNM-EX270 (67.5MHz, 13 C) of Nihon Denshi Company was used for measuring 13 C-NMR. A deuterated 
solvent described in Example was used and measurement was carried out at room temperature. 
35 (4) Molecular weight and molecular weight distribution: 

They were determined under the under-mentioned conditions according to a gel permeation chromatography 
(GPC) Calibration curve was prepared using a standard polystyrene Molecular weight distribution was eval- 
uated by a ratio (Mw/Mn) of weight average molecular weight (Mw) to number average molecular weight (Mn). 
*o Equipment: 150C Type, manufactured by Milipore Waters Co.. Ltd. 

Column: TSK-GEL GMH-HT: 7.5 - 600 - 2 columns 
Measurement temperature: 140 P C 
Solvent: O-dichlorobenzene 
*5 Measurement concentration: 5 mg/5 ml 

(5) Melting point of a copolymer was determined using SSC-5200 of Seiko Co., Ltd. according to the condition 
below. 

so Raise of temperature: 40°C to 150°C(10°C/min.), retaining for 5 minutes. 

Cooling: 150°C to 40°C (5°C/min.), retaining for 10 minutes. 
Measurement: 40°C to 160°C (5°C/min.) 

Example 1 

55 

(1) Synthesis of compound (l-t) 

[0188] Into a 200ml four-necked flask in which the atmosph re was r placed with argon, 10ml (10mmol) of ZnEt 2 
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(diethyizinc) (1 .02M, hexane soluti n) and 50ml of toluene were charged and the mixture was cooled to-78°C. Thereto, 
5.7ml (10mmol) of pentafluorophenol (1 .78M, hexane solution) was add d dropwlse. After completion of dropwise 
addition, temperature was gradually raised to room temp rature, and stirring was further carried out for 2 hours. Then, 
89. Omg (4.94mm I) of H 2 0 was gradually added drop wis by a micro syringe at room temperature. Th cont nt became 

5 muddy In white. After completion of dropwise addition, stirring was further carried out for 1 1 hours. The white gel solid 
prepared was dried at room temperature under reduced pressure to obtain 2.56g of a white powder. As a result of 
measurements of fH-NMR and 13 C-NMR, a spectrum according to an unreacted Zn-Et structure was confirmed. 
[0189] 1 H-NMR (THF-d8): 8 1 .18 (t,3H, J=7,9Hz, ZnCH 2 CH 3 ), 0.28 (q,2H, J=7.9Hz, ZnCH 2 CH 3 ) 
10190] 1 3C-NMR (THF-d8): 6 141.9 (m), 141.4 (m,JC-F=233Hz), 139.0 (m, JC-F=245Hz), 131.7 (m, JC-F=236Hz), 

10 12.5 (s, ZnCH 2 CH 3 ), -3.0 (s, ZnCH 2 CH 3 ) 

(2) Polymerization 

[0191] After drying undervacuum an autoclave reactor having an innervolume of 400ml equipped with astirrerand 
15 replacing the atmosphere thereof with argon, 190ml of hexane as a solvent and 10ml of 1-hexene as a comonomer 
were charged and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at 
an ethylene pressure of 6kg/cm 2 . After the system was stabilized, 0.25mmol of triisobutylaluminum was charged, suc- 
cessively, 1 .0 n mol of ethylenebis(indenyl)zirconium dichloride was charged, 22.1 mg (66.2u.mol-Zn) of the compon nt 
(1-1) obtained in the above-mentioned (1) was further charged, and polymerization was started. The polymerization 
20 was carried out for 30 minutes. As a result of the polymerization, 7.88g of an ethylene-1-hexene copolymer was ob- 
tained. Polymerization activity was 1 .6x 10 7 g/mol/h. SCB = 13.73, fa) = 1 .24d1/g, Mw = 79000, Mw/Mn = 1 .7. 

Example 2 

25 (1 ) Synthesis of compound (I-2) 

[0192] Into a 200ml four-necked flask in which the atmosphere was replaced with argon, 10ml (10mmol) of ZnEt 2 
(1 .02M, hexane solution) and 50ml of toluene were charged and the mixture was cooled to -7B°C. Theret , 6.9m1 
(10mmol) of pentafluorophenol (1 .48M. hexane solution) was added dropwise. After completion of dropwis addition, 

30 temperature was gradually raised to room temperature, and stirring was further carried out over night. Then, stirring 
was carried out for one hour under reflux condition, and the mixture was cooled to room temperature. Then, 93.8mg 
(5.21 mmol) of H 2 0 was gradually added dropwise by a micro syringe. The content became white slurry-like. After 
completion of dropwise addition, stirring was carried out for 6 hours under reflux condition. Volatile materials were 
removed by distillation under reduced pressure from the white slurry product prepared, and the solid prepared was 

35 dried at room temperature under reduced pressure to obtain 2.21 g of a white powder 

(2) Polymerization 

[0193] After drying under vacuum an autoclave reactor having an inner volume of 400ml equipped with a stirrer and 
•*o replacing the atmosphere thereof with argon. 190ml of hexane as a solvent and 10ml of 1-hexene as a comonomer 
were charged and the reactor was heated to 70*C. After the raise of temperature, ethylene was fed white adjusting at 
an ethylene pressure of 6kg/cm 2 . After the system was stabilized. 0.25mmof of triisobutylaluminum was charged, and 
successively, 1.0u mol of ethylenebis(indenyl)zirconium dichloride was charged, 23.4mg (91 .2umol-Zn) of the com- 
pound (I-2) obtained in the above-mentioned (1) was-further charged, and polymerization was started. The polym ri- 
4* zation was carried out for 30 minutes. As a result of the polymerization, 8.69g of an ethylene-1 -hexene copolymer was 
obtained. Polymerization activity was 1 .7x 10 7 g/mol/h. SCB = 16.46, fo] = 1 ,33di/g, Mw = 77000, Mw/Mn = 2.0. 

Example 3 

so (1 ) Synthesis of compound (I-3) 

[0194] Into a 200ml four-necked flask in which the atmosphere was replaced with argon after reduced pressure 
drying undervacuum, 10ml (10mmol) of a hexane solution of diethyizinc [1 .02 mol/L (M)] and 50ml of tetrahydrofuran 
were charged, and the mixture was cooled to -78°C and stirred. Thereto, 6.9ml (10mmol) f pentafluorophenol (1 .48M, 
55 hexane solution) was add d dropwise. After completion of dropwise addition, the temperature was gradually rais d to 
room temperatur , and stirring was carried out for 2 hours. Then, 93.7mg (5.20mmol) of H 2 0 was gradually add d 
dropwise by a micro syring . The content becam a yellow transparent solution. After completi n of dropwis addition, 
stirring was carried out f r 20 hours. V tatile materials w re remov d by distillation und r reduced pressure, and the 
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8 lid prepared was dried at 120°C for 8 hours under reduced pr ssure to obtain 2.34g of an ivory powder. As a result 
of measurements of 1 H-NMR and 13 C-NMR, a spectrum derived from a Zn-Et structure could not b confirmed. 
[0195] 13C-NMR (TH F-d8): 5 141.9 (m), 141 .4 (m, JC-F=234Hz), 139.0 (m, JC-F=249Hz), 131 .6 (m t JC-F=236Hz) 

5 (2) Polymerization 

[0196] After drying under vacuum an autoclave reactor having an inner volume of 400ml equipped with a stirrer and 
replacing the atmosphere thereof with argon, 1 90ml of hexane as a solvent and 1 0ml of 1-hexene as a comonomer 
were charged and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at 
io an ethylene pressure of 6kg/cm 2 . After the system was stabilized, 0.25mmol of triisobutylaluminum was charged, suc- 
cessively, LOixmol of ethylenebis(indenyl)zirconium dichloride was charged, 31.4mg (122u,mol-Zn) of the compound 
(I-3) obtained in the above-mentioned (1) was further charged, and polymerization was started. The polymerization 
was carried out for 30 minutes. As a result of the polymerization, I5.75g of an ethyiene-1-hexene copolym r was 
obtained. Polymerization activity was 3.2 x 10 7 g/mol/h. SCB = 15.23, ft] = 1.24dt/g,.Mw = 72000, Mw/Mn = 2.0. 

15 

Example 4 

(1) Synthesis of compound (I-4) 

20 [0197] Into a 200ml four-necked flask in which the atmosphere was replaced with argon after reduced pressure 
drying under vacuum, 20ml (20mmol) of a hexane solution of diethylzinc (1 .02M) and 1 00ml of tetrahydrofuran were 
charged, and the mixture was cooled to -78°C and stirred. Thereto, 4.4ml (S.lmmol) of pentafluorophenol (1.17M, 
hexane solution) was added dropwise. After completion of dropwise addition, the temperature was gradually raised to 
room temperature, and stirring was carried out for 2 hours. Then, 321 \x\ (17.8mmol) of H 2 0 was gradually added 

25 dropwise by a micro syringe. After completion of dropwise addition, stirring was carried out for 14 hours. Volatile ma- 
terials were removed by distillation under reduced pressure, and the solid prepared was dried at 120°C for 8h urs 
under reduced pressure to obtain an ivory powder. 

(2) Polymerization 

30 

[0198] After drying under vacuum an autoclave reactor having an inner volume of 400ml equipped with a stirrer and 
replacing the atmosphere thereof with argon, 190ml of hexane as a solvent and 10ml of 1 -hexene as a comonomer 
were charged and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at 
an ethylene pressure of 6kg/cm 2 . After the inside of system was stabilized. 0.25mmol of triisobutylaluminum was 
35 charged, successively, 0.3|i mol of ethylenebis(indenyl)zirconium dichloride was charged, 9.0mg (72nmol-Zn) of the 
compound (I-4) obtained in the above-mentioned (1 ) was further charged, and polymerization was started. The polym- 
erization was carried out for 30 minutes. As a result of the polymerization, 2.4g of an ethylene-hexene-1 copolymer 
was obtained. Polymerization activity was 1.6 - 10 7 g/mol/h. SCB = 15.54. 

•*o Example 5 

(1) Synthesis of compound (I-5) 

[0199] Into a 200ml four-necked flask in which the atmosphere was replaced with argon after reduced pressure 
is drying under vacuum, 20ml (20mmol) of a hexane solution of diethylzinc (1 .02 M) and 100ml of tetrahydrofuran were 
charged, and the mixture was cooled to -78°C and stirred. Thereto, 8.7ml (10mmol) of pentafluorophenol (1.17M, 
hexane solution) was added dropwise. After completion of dropwise addition, the temperature was gradually raised to 
room temperature, and stirring was carried out for 2 hours. Then, 275 u.l (15.3mmol) of H 2 0 was gradually added 
dropwise by a micro syringe. After completion of dropwise addition, stirring was carried out at room temperature over 
so night. Volatile materials were removed by distillation under reduced pressure, and the solid prepared was dried at 
120°C for 8 hours under reduced pressure to obtain an ivory powder. 

(2) Polymerization 

55 [0200] After drying under vacuum an autoclave having an inner v lume of 400ml equipp dwlthastirr rand replacing 
the atmosphere thereof with argon, 1 90ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the r act r was heated to 70*C. After the raise of temp ratur , ethylen was fed while adjusting at an ethylene 
pressure f 6kgtam 2 . After the inside of system was stabilized, 0,25mmol of triisobutylaluminum was charged, succes- 
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slvely, 0.3\i mol of thylenebls(indenyl)zirconium dichloride was charged, 9.3mg (55ujnol-Zn) of the compound (1-5) 
obtained in th ab ve-mention d (1) was further charged, and polymerization was started. The polymerization was 
carried out for 30 minutes. Asa r suit of thepolym rization, 11.06g of an ethylene-1 -hexene copolymer was obtained. 
Polymerization activity was 7.4 x 1 0 7 g/mol/h. SCB = 1 2.79. 

Example 6 

(1) Polymerization 

[0201] After drying under vacuum an autoclave reactor having an Inner volume of 400ml equipped with a stirrer and 
replacing the atmosphere thereof with argon, 190ml of hexane as a solvent and 10ml of 1 -hexene as a comonom r 
were charged and the reactor was heated to 70*C. After the raise of temperature, ethylene was fed while adjusting at 
an ethylene pressure of 6kg/cm 2 . After the system was stabilized, 0.25mmol of triisobutylalumlnum was charged, suc- 
cessively, 0.3 |i mol of ethylenebis(indenyl)zirconium dichloride was charged, 23.2mg (90.5ujmol-Zn)of the compound 
(I-3) obtained in Example 3(1) was further charged, and polymerization was started. The polymerization was carried 
out for 30 minutes. As a result of the polymerization, 6.9g of an ethylene- 1 -hexene copolymer was obtained. P lym- 
erization activity was 4.6 x 1 0 7 g/mol/h. SCB = 1 5.39. 

Example 7 

(1 ) Synthesis of compound (1-6) 

[0202] Into a 200ml four-necked flask in which the atmosphere was replaced with argon after reduced pressur 
drying under vacuum, 20ml (20mmol) of a hexane solution of diethylzinc (1 .02M) and 1 00ml of tetrahydrofuran were 
charged, and the mixture was cooled to -78°C and stirred. Thereto, 26.2ml (30.7mmol) of pentafluorophenol (1 .1 7M, 
hexane solution) was added dropwise. After completion of dropwise addition, the temperature was gradually raised t 
room temperature, and stirring was carried out for 2 hours. Then, 92 I (5.lmmol) of H 2 0 was gradually added dropwise 
byamlcro syringe. After completion of dropwise addition, stirring was carried out at room temperature over night. Volatil 
materials were removed by distillation under reduced pressure, and the solid prepared was dried at 120°C for 8 hours 
under reduced pressure to obtain an ivory powder. 

(2) Polymerization 

[0203] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and r placing 
the atmosphere thereof with argon, 1 90ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at an ethylene 
pressure of 6kg/crn2 After the inside of system was stabilized, 0.25mmo! of triisobutylaluminum was charged, succes- 
sively. 0.3 u. mol of ethylenebis(indenyl)zirconium dichloride was charged. 27.0mg (78.5 n mol-Zn) of the c mpound 
(I-6) obtained in the above-mentioned (1) was further charged, and polymerization was started. The polym rization 
was carried out for 30 minutes. As a result of the polymerization, 1 .3g of an ethylene-hexene-1 copolymer was obtained. 
Polymerization activity was 8.7 > 10 6 g/mol/h. SCB = 1 7.04. 

Example 8 

(1) Polymerization of propylene 

[0204] A magnetic stirrer was placed in an autoclave having an inner volume of 1 00ml, it was dried under vacuum, 
and the atmosphere was replaced with argon. Thereto, 70.6mg (275u.mol-2n) of the compound (I-2) obtained in Ex- 
ample 2(1), 0.5mmol of triisobutylaluminum and 2u. mol of ethylenebis(indenyl)zircontum dichloride were charged. In 
the autoclave, 40g of propylene was charged, temperature was raised to 40°C, and polymerization was started. The 
polymerization was carried out for 60 minutes. As a result of the polymerization, 2.23g of a propylene polym r was 
obtained. Polymerization activity was 2.2 xl0 6 g/mol/h. Mw = 21000, Mw/Mn = 1.9. 

Example 9 

(1 ) Synthesis of compound (I-7) 

[0205] Into a 300ml four-neck d flask in which the atmospher was replaced with argon after reduced pressure 
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drying under vacuum, 16.49g (90.07mmol) of pentafluoroaniline and 70ml of tolu ne wore charged, and th mixture 
was cooled t 0°C and stirred. Thereto, 1 76.6ml of diethylzinc (1 .02M, hexane solution) was added, then the temp r- 
atur was gradually raised t room temperature, and stirring was carried out over night. The content artlcl became a 
white slurry. After stirring was carried out for 8 hours under reflux condition, volatile materials were removed by distil- 

5 lation under reduced pressure to obtain 1 8.32g of a solid product. 

[0206] After drying the solid product under reduced pressure in vacuum, 3.68g of the solid product and 100ml of 
toluene were charged in the 300ml four-necked flask in which the atmosphere was replaced with argon, and the mixture 
was stirred at room temperature. Thereto, 1 7.0ml (1 9.9mmol) of pentafluorophenol (1 .1 7M, hexane solution) was add- 
ed, and stirring was carried out for 68 hours. Volatile materials were removed by distillation under reduced pressure 

10 to obtain a white solid. 

(2) Polymerization 

[0207] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
is the atmosphere thereof with argon, 190ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at an ethylen 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1u.mol of ethylenebis(indenyl)zirconium dichloride was charged, 40.8mg (120|imol-Zn) of the compound (I-7) 
obtained in the above-mentioned (1) was further charged, and polymerization was started. The polymerization was 
20 carried out for 30 minutes. As a result of the polymerization, 1 02g of an ethylene-1 -hexene copolymer was obtained. 
Polymerization activity was 2.0 x lOSg/mol/h. 

Example 1 0 

25 [0208] Into a 300ml four-necked flask in which the atmosphere was replaced with argon, 106ml of tetrahydrofuran 
and 40ml (80mmol) of ZnEt 2 (2M, hexane solution) were charged, and the mixture was cooled to 4°C. Thereto, 14.5ml 
(32mmol) of pentafluorophenol (2.21 M, tetrahydrofuran solution) was added dropwise for 50 minutes. After compl tion 
of dropwise addition, stirring was further carried out at 5°C for 1 hour. The temperature was lowered to 20°C by ice 
bath, and 7.3ml (72.3mmol) of H 2 0 (9.9M, tetrahydrofuran solution) was added dropwise for 1 hour. After completion 

30 of dropwise addition, stirring was further carried out for 2 hours, then the mixture was stood alone at room temperature 
over night. Then, stirring was carried out for 8 hours under reflux condition (63°C). As a result, the component (A) was 
obtained as an yellow transparent solution. 

Example 11 

35 

[0209] Into a 200ml four-necked flask in which the atmosphere was replaced with argon. 40ml of tetrahydrofuran 
and 40ml (80mmol) of ZnEt 2 (2M. hexane solution) were charged, and the mixture was cooled to 5°C. Thereto. 34.3ml 
(SOmmol) of 3,4,5-trifluorophenol (2.33M. tetrahydrofuran solution) was added dropwise for 120 minutes. After com- 
pletion of dropwise addition, stirring was carried out at 5°C for 90 minutes and then, further at 40°C for 70 minutes. 

to Then, the temperature was lowered to 20°C by ice bath, and 0.72ml (40mmol) of H 2 0 was added dropwise for 80 
minutes. After completion of dropwise addition, stirring was carried out at 20°C for 60 minutes and then, further, at 
40°C for 120 minutes. As a result, the mixture was separated into a transparent liquid article and an yellow gel articl . 
After standing them alone at room temperature over night, the volatile components were removed by distillati n. and 
drying was carried out at 120°C for 8 hours under reduced pressure. As a result. 1 7.05g of an yellow solid product was 

45 obtained. 

Example 12 

[0210] Into a 200ml four-necked flask in which the atmosphere was replaced with argon, 40ml of tetrahydrofuran 
so and 40ml (80mmol) of ZnEt 2 (2M, hexane solution) were charged, and the mixture was cooled to 5°C. Thereto, 13.7ml 
(32mmol) of 3,4,5-trifluorophenol (2.33M, tetrahydrofuran solution) was added dropwise for 45minutes. After comple- 
tion of dropwise addition, stirring was carried out at 5°C for 90 minutes and then, further at 40*C for 70 minutes. Then , 
the temperature was lowered to 20°C by ice bath, and 1 .30ml (72mmol) of H 2 0 was added dropwise for 145 minutes. 
After completion of dropwise addition, stirring was carried out at 20°C f r 60 minutes and th n, further, at 40*C for 1 20 
55 minutes. As a result, the mixture was separat d into a transparent liquid article and an yellow gel article. Aft r standing 
them al ne at room temperature over night, the volatile c mponents were removed by distillation, and drying was 
carri d out at 120°C for 8 hours under reduced pr ssure. As a result, 10.39g of an yellow solid product was obtained. 
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Exampl 13 

[0211] Into a 200ml four-necked flask In which th atmosphere was replaced with argon, 40ml of tetrahydrofuran 
and40ml(80mmol)ofZnEt2(2M, h xan s lutlon)w recharged, and the mixture was co ledt 5°C. Thereto, 34.3ml 
(BQmmol) of 3,5-dlfiuorophenol (2.33M, tetrahydrofuran solution) was added dropwlse for 1 20minutes. Alter completion 
of dropwise addition, stirring was carried out at 5°C for 90 minutes and then, further at 40°C for 70 minutes. Then, the 
temperature was lowered to 20°C by Ice bath, and 0.72ml <40mmol) of H 2 0 was added dropwise for 80 minutes. After 
completion of dropwise addition, stirring was carried out at 20°C for 60 minutes and then, further, at 40°C for 120 
minutes. As a result, a white yellow slurry article was obtained. After standing it alone at room temperature ov r night, 
the volatile components were removed by distillation, and drying was carried out at 120°C for 8 houre under reduced 
pressure. As a result, 14.66g of an yellow solid product was obtained. 

Example 1 4 

[021 2] Into a 200ml four-necked flask in which the atmosphere was replaced with argon, 40ml of tetrahydrofuran 
and 40ml (80mmol) of ZnEt 2 (2M, hexane solution) were charged, and the mixture was cooled to 5°C. Thereto, 34.3ml 
(80mmol) of perfluoro-tert-butanol (2.33M, tetrahydrofuran solution) was added dropwise for 120 minutes. After com- 
pletion of dropwise addition, stirring was carried out at 5°C for 90 minutes and then, further at 40*C for 70 minut s. 
Then, the temperature was lowered to 20°C by ice bath, and 0.72ml (40mmol) of H 2 0 was added dropwise for 80 
minutes. After completion of dropwise addition, stirring was carried out at 20°C for 60 minutes and then, furth r, at 
40°C for 120 minutes. As a result, a white yellow solution was obtained. After standing it alone at room temperature 
over night, the volatile components were removed by distillation, and drying was carried out at 120 6 C for 8 hours under 
reduced pressure. As a result, 26.35g of an yellow solid product was obtained. 

Example 15 

[0213] Into a 200ml four-necked flask in which the atmosphere was replaced with argon. 40ml of tetrahydrofuran 
and 40ml (SOmmol) of ZnEtg (2M, hexane solution) were charged, and the mixture was cooled to 5°C. Thereto, 34.3ml 
(80mmol) of 1 ,1 ,1 ,3,3,3- hexafluoro-2-propanol (2.33M, tetrahydrofuran solution) was added dropwise for 120 minut s. 
After completion of dropwise addition, stirring was carried out at 5°C for 90 minutes and then, further at 40°C for 70 
minutes. Then, the temperature was lowered to 20°C by ice bath, and 0.72ml (40mmol) of H 2 0 was added dropwis 
for 80 minutes. After completion of dropwise addition, stirring was carried out at 20°C for 60 minutes and then, further, 
at 40°C for 1 20 minutes. As a result, a white yellow solution was obtained. After standing it alone at room temp rature 
over night, the volatile components were removed by distillation, and drying was earned out at 120°C for 8 hours under 
reduced pressure. As a result, 15.47g of an yellow solid product was obtained. Comparative Example 1 

(1) Polymerization 

[021 4] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon, 1 90ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at an ethylene 
pressure of 6kg/cm2. After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1.0n mol of ethylenebis(indenyl)zirconium dichloride was charged, 0.1ml (100jimol) of ZnEt 2 (1.02M, hexane 
solution) was further charged, and polymerization was started. The polymerization was earned out for 30 minutes. As 
a result of the polymerization, only a trace of a polymer was obtained. 

Example 16 

(1) Synthesis of \i -oxo-bis(diethylzinc) 

[0215] Into a 200ml four-necked flask in which the atmosphere was replaced with argon after reduced pressure 
drying u nder vacuum, 1 0ml ( 1 0mmol) of a hexane solution of diethylzinc (1 .02mol/L) and 50ml of toluene were charged 
and the mixture was stirred. Thereto, 89.2mg (4.95mmol) of H 2 0 was gradually added dropwise at room temperature. 
[021 6] Th cont nt article became opaqu in yellow in accordance with proceeding of the reaction . After completion 
of dropwise addition, stirring was further carried out for 11 hours. The solvent was removed by distillation underr due d 
pr ssure, and drying was carried out to obtain 0.245g of an yellow solid. 
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(2) Polymerization 

[021 7] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirr r and replacing 
the atmosphere there f with argon, 1 90ml f hexane as a solvent and 1 0ml of 1 -hexen as a comonom r were charged 
and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed white adjusting at an ethylen 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1 .Q\i mol of ethylenebis(indenyl)zirconium dichloride was charged, 29.9mg (146 n mol) of \i -oxo-bis(diethylzinc) 
obtained in the above-mentioned (1) was further charged, and polymerization was started. The polymerization was 
carried out for 30 minutes. As a result of the polymerization, 0.663g of an ethylene- 1 -hexene copolymer was obtained. 
Polymerization activity was 1 .3 x 1 0 6 g/mo^ . SCB = 1 3.96, [r|] = 1 .30dl/g, Mw = 88000, Mw/Mn = 1.9. 

Example 1 7 

(1) Synthesis of bis(pentafluorophenoxy)zinc 

[0218] Into a 200ml four-necked flask in which the atmosphere was replaced with argon after reduced pressure 
drying under vacuum, 50ml of hexane and 1 0ml (1 Ommol) of a hexane solution of diethylzinc (1 .00mol/L) were charged 
and the mixture was cooled to -78°C. Thereto, 20ml (20mmol) of a hexane solution (1 .0mol/L) of pentafluorophenol 
was gradually added dropwise at room temperature. The content article became white slurry in accordance with pro- 
ceeding of the reaction. After completion of dropwise addition, the temperature was gradually raised to room temper- 
ature, and stirring was further carried out for 4 hours. The white solid prepared was separated by filtration with a glass 
filter, and drying was carried out under reduced pressure to obtain 3.41 g (7.90mmol, 79%) of bis(pentaf luoroph n xy) 
zinc as a white solid. 

[0219J 13 C-NMR (THF-d8): 6 141.4 (m, JC-F=233Hz), 141.8 (m), 139.0 (m, JC-F=249Hz), 131.7 (m, JC-F=236Hz) 

(2) Polymerization 

[0220] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon , 1 90ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C, After the raise of temperature, ethylene was fed while adjusting at an ethylene 
pressure of Bkg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1.0u mol of ethylenebis(indenyl)zirconium dichloride was charged, 40mg (92p. mol) of the zinc compound ob- 
tained in the above-mentioned (1 ) was further charged, and polymerization was started. The polymerization was carried 
out for 30 minutes. As a result of the polymerization. 1 35g of an ethylene-1 -hexene copolymer was obtained. Polym- 
erization activity was 27x1 0 e g/moVh. SCB = 1 6.8. h] = 1 .41 dl/g. Mw = 97000. Mw/Mn = 2.2. Melting point was 1 1 1 .5°C. 

Example 18 

(1) Synthesis of bis(pentafluorophenoxyzincoxy) methylborane compound 

[0221] Into a 200ml four-necked flask in which the atmosphere was replaced with argon. 655. 4mg (10.6mmol) of 
methylbonc acid (97%) and 50ml of toluene were charged and the mixture was cooled to -78*C. While vigorously 
stirring the slurry article. 20.8ml (21 2mmol) of ZnEt 2 (1 .02M, hexane solution) was added dropwise. A white gel pre- 
cipitate was prepared in accordance with increase of the amount of dropwise addition. After completion of dropwise 
addition, the temperature was gradually raised to room temperature, and stirring was further carried out for 2 hours. 
Thereto, 1 1 .9ml (21 .2mmol) of pentafluorophenol (1 78M , hexane solution) was gradually added dropwise, and stirring 
was further carried out for 11 hours. The solvent was removed by distillation under reduced pressure, and drying was 
carried out to obtain 6.06g of a white powder. 

(2) Polymerization 

[0222] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon , 1 90ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and th react r was heated to 70°C. After the rais f temperature, ethylene was fed while adjusting at an ethylene 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1.0 mol of ethylenebis(indenyl)zirconium dichloride was charged, 34.2mg (61.7 \i mol) of the zinc compound 
obtained in the above-mentioned (1) was further charged, and polymerization was started. The p lym rization was 
carried out for 30 minut s. As a result of th polymerization, 3.42g of an thylene-1 -hexene copolymer was obtained. 
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Polymerization activity was 6.8x 10 6 g/mol/h. 

Example 19 

s (1 ) Synthesis of c mpound (I-8) 

[0223] Into a 1 00ml flask in which the atmosphere was replaced with argon, 1 8.3ml (1 8.7mmol) of diethylzinc (1 .02M, 
hexane solution) and 10ml of toluene were charged and the mixture was cooled to -78°C. Thereto, 10.5ml (18.7mmol) 
of pentafluorophenol (1 .78M, hexane solution) was gradually added dropwise. After completion of dropwlse addition, 
io temperature was gradually raised to room temperature, and stirring was further carried out for 1 hour. Then, 10ml of 
a toluene solution of 1 .01 g (9.36mmol) of 1 ,3-cyclopentanediol (a mixture of cls-lsomer and trans-isomer; manufactured 
by Aldrich Co., Ltd.; purity = 95%) was gradually added dropwlse at room temperature, and stirring was carried out 
over night. Then, the solvent was removed by distillation under reduced pressure, and the solid prepared was dried at 
room temperature under reduced pressure to obtain 5.44g of the compound (I-8). 

15 

(2) Polymerization 

[0224] After drying under vacuum an autoclave having an Inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon, 1 90ml of hexane as a solvent and 1 0mi of 1 -hexene as a comonomer were charged 
20 and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at an ethyl ne 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1 .0 [i mol of ethylenebis(indenyl)zirconium dlchloride was charged, 36.3mg (122 jx mol-Zn) of the compound (I- 

8) obtained in the above-mentioned (1 ) was further charged, and polymerization was started. The polymerization was 
carried out for 30 minutes. As a result of the polymerization, 0.53g of an ethylene- 1 -hexene copolymer was obtained. 

*5 Polymerization activity was 1 .1 x lO^g/mol/h. 

Example 20 

(1) Synthesis of compound (I-9) 

30 

[0225] into a 1 00ml flask in which the atmosphere was replaced with argon, 1 .01 g (8 04mmol) of 1 ,2,3-trihydroxy- 
benzene and 30ml of toluene were charged, and the mixture was stirred and cooled to 0°C. Thereto, 15.8ml (16.1 mmol) 
of diethylzinc (1 .02M, hexane solution) was added dropwise. After completion of dropwise addition, temperature was 
gradually raised to room temperature, and stirring was further carried out for 24 hours. Thereto, 4.0ml (8.0mmol) of 
35 pentafluorophenol (2M, toluene solution) was added dropwise at room temperature. After completion of dropwise ad- 
dition, and stirring was further carried out over night. Then, volatile materials were removed by distillation, and the solid 
prepared was dried at room temperature under reduced pressure to obtain the compound (I-9). 

(2) Polymerization 

40 

[0226] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon, 190mlof hexane asasolvent and 10ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C . After the raise of temperature, ethylene was fed while adjusting at an ethylene 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succ s- 
45 sively, 1 .0 u. mol of ethylenebis(indenyl)zirconium dichloride was charged, 26.0mg (119u,mol-Zn) of the compound (I- 

9) obtained in the above-mentioned (1) was further charged, and polymerization was started. The polymerization was 
carried out for 30 minutes. As a result of the polymerization, 0.24g of an ethylene-1 -hexene copolymer was obtained. 
Polymerization activity was 4.8x lOSg/mol/h. 

50 Example 21 

(1) Synthesis of compound (1-10) 

[0227] Into a 100ml flask in which the atmosph re was replaced with argon, 1 ,02g (8.07mmol) of 1 ,2,3-trihydroxy- 
55 benzen and30ml f toluene were charged, and the mixture was stirred and cooled t 0°C. Thereto. 23.7m 1 (24.2mmol) 
f diethylzinc (1 .02M, hexan solution) was added dropwis . After compl tion of dropwise addition, t mperaturewas 
gradually raised to room t mp rature, and stirring was further carried out for 24 hours. Thereto, 12.1ml (24.2mmol) of 
pentafluorophenol (2M, toluene solution) was added dropwis at room t mperature. After completion f dropwise ad- 
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dition, and stirring was further carri d out over night. Then, volatile materials wer r moved by distillation, and the solid 
prepared was dri d at room temperature under reduced pressure to obtain 7.89g of the compound (MO). 

(2) Polymerization 

[0228] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon, 1 90m1 of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at an ethylen 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1 -Ou, mol of ethylenebis(indenyl)zirconium dichloride was charged, 38.6mg (133 p. mol-Zn) of the compound (I- 

10) obtained in the above-mentioned (1 ) was further charged, and polymerization was started. The polymerization was 
carried out for 30 minutes. As a result of the polymerization, 0. 1 3g of an ethylene-1 -hexene copolymer was obtained. 
Polymerization activity was 2.6 x I0 5 g/mol/h. 

Example 22 

(1) Synthesis of compound (1-11) 

[0229] Into a 1 00ml flask in which the atmosphere was replaced with argon, 8.0ml (8.2mmol) of diethylzinc (1 .02M, 
hexane solution) and 10ml of toluene were charged, and the mixture was stirred and cooled to-7B°C. Thereto, 4.6ml 
(8.2mmol) of pentafluorophenol (1 .7BM, toluene solution) was gradually added dropwise. After completion of dropwis 
addition, temperature was gradually raised to room temperature, and stirring was further carried out for 1 hour. Then, 

0. 97g (2.0mmol) of calix[4]arene (89%) (manufactured by aldrich Co,) (2M, toluene solution) was added, and stirring 
was carried out over night. Then, volatile materials were removed by distillation, and the solid prepared was dried at 
room temperature under reduced pressure to obtain 2.52g of the compound (1-11 ). 

(2) Polymerization 

[0230] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
the atmosphere thereof with argon, 190ml of hexane as a solvent and 1 0ml of 1 -hexene as a comonomer were charged 
and the reactor was heated to 70°C. After the raise of temperature, ethylene was fed while adjusting at an ethylene 
pressure of 6kg/cm 2 . After the inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, succes- 
sively, 1 .0 u, mol of ethylenebis(indenyl)zirconium dichloride was charged, 41 .2mg (117u.mol-Zn) of the compound (I- 

11) obtained in the above-mentioned (1 ) was further charged, and polymerization was started The polymerization was 
carried out for 30 minutes. As a result of the polymerization. 0.084g of an ethylene-hexene-1 copolymer was obtained. 
Polymerization activity was 1.7 x10 5 g/mol/h. 

[0231] As described above in detail, according to the present invention, a compound other than a compound of Group 
XIII as a compound capable of forming a catalyst for addition polymerization which reveals a high polymerization activity 
by using as a catalyst aid component for activation, is provided, and a production method of the compound, a catalyst 
component for addition polymerization comprising the compound: a catalyst for addition polymerization which is made 
by using the compound and reveals a high polymerization activity, and an efficient process for producing an olefin 
polymer using the catalyst for addition polymerization, are provided. 

Claims 

1. An electron withdrawing group -containing metal compound (I) selected from the following compounds [AJ to [EJ: 

[AJ a compound obtainable by contacting the following compounds (a), (b) and (c) in the presence of an ether 
compound as a solvent: 

(a) a compound of formula [1]: 

mV c Ml 

(b) a compound of formula [2]: 
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R 1 p-i~r 1 H [2] 

and 

5 (c) a compound of formula [3]: 

R% 2 J 1 H 2 [3] 

10 wherein M 1 represents an atom of Groups III to XII or the lanthanlde series of the Periodic Table; c represents 

a valence of M 1 ; L 1 represents a hydrogen atom, a halogen atom or a hydrocarbon group; when a plural 
number of U's exist, they may be the same as or different from each other; R 1 represents an electron-with- 
drawing group or a group containing an electron-withdrawing group; when a plural number of R"s exist, they 
may be the same as or different from each other; R 2 represents a hydrocarbon group or a halogenated hy- 

15 drocarbon group; when a plural number of R*s exist, they may be the same as or different from each other; 

T 1 and J 1 each Independently represent an atom of Group XV or XVI of the Periodic Table; and p and q 
represent a valence of T 1 and J 1 , respectively; 

[B] a compound obtainable by contacting the following compounds (d), (e) and (f); 
20 (d) a compound of formula [4]: 



M 2 L 2 



[4] 



25 



(e) a compound of formula [5]: 



R 3 m t*h 



[5J, 



30 



and 

(f) a compound of formula [6]: 



35 



40 



45 



50 



55 



RVH^Of 



[6] 



wherein M 2 represents an atom of Groups III to XII or the lanthanide series of the Periodic Table; d represents 
a valence of M 2 ; L 2 represents a hydrogen atom, a halogen atom or a hydrocarbon group; when a plural 
number of L^s exist, they may be the same as or different from each other; R 3 represents an electron-with- 
drawing group or a group containing an electron-withdrawing group: when a plural number of R 3 's exist, they 
may be the same as or different from each other: R 4 represents an organic group having a valence of f ; T* 
and J 2 each independently represent an atom of Group XV or XVI of the Periodic Table: r represents a valence 
of T 2 : e represents a valence of J 2 ; and T is an integer of 2 to 1 0; 
[C] a compound of formula [7]: 



/_ T 3 



M 



3 \- 



\ 



R 5 . 



s-2 



R 



[7] 



8-2/ 



wherein M 3 represents an atom of Groups III to XII or the lanthanide series of the Periodic Table; wh n a plural 
number of M 3 's exist, they may be the same as or cliff rent fr m each other; T 3 repr sents an at m f Group 
XIV, XV r XVI of the P riodic Table; when a plural number of T^'s exist, they may be the same as or different 
from each other; R 5 represents an electron -with drawing group or a group containing an electron-withdrawing 
group; when a plural numb r of R*s xist, they may be the same as or different from each other; R 6 represents 
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a hydrocarbon group; when a plural number of R 6 's xistthey maybeth same as or differ ntfrom ach other; 
"g M represents a valence of M 3 ; "s" represents a valence of T 3 ; and "h" r presents a number of 1 or more; 

[D] a c mpound f formula [B]: 

M 4 (X 1 R ( 7 ) t R 8 H [8] 

wherein M 4 represents an atom of Groups III to XII or the lanthanide series of the Periodic Table; X 1 represents 
an atom of Group XIV, XV or XVI of the Periodic Table; when a plural number of X 1i s exist, they may be the 
same as or different from each other; R 7 represents an electron-withdrawing group or a group containing an 
electron-withdrawing group; when a plural number of R 7 's exist, they may be the same as or different from 
each other; R s represents a hydrogen atom, a halogen atom or a hydrocarbon group; when a plural number 
of R 8 's exist, they may be the same as or different from each other; "j" represents a valence of M 4 ; T represents 
a number satisfying 0<tsj; and T represents a number less by one than the valence of X 1 ; and 

[E] a compound of formula [9]: 

«R 9 u-iX 2 >k-i M 5 O] m T 4 R; 0 m [9] 

wherein M 5 represents an atom of Groups III to XII or the lanthanide series of the Periodic Table; when a plural 
number of M 5 's exist, they may be the same as or different from each other; X 2 represents an atom of Group 
XIV, XV or XVI of the Periodic Table; when a plural number of X 2 's exist, they may be the same as or different 
from each other; R 9 represents an electron -withdrawing group or a group containing an electron- withdrawing 
group; when a plural number of R^s exist, they may be the same as or different from each other; T 4 repres nts 
an atom of Group XIII of the Periodic Table; R 10 represents a hydrogen atom, a halogen atom or a hydrocarbon 
group; when a plural number of R 10 's exist, they may be the same as or different from each other; "k M represents 
a valence of M 5 ; "u" represents a valence of X 2 ; and "m M represents a number satisfying 1 ^ms3. 

2. A compound according to claim 1 , wherein each of T 1 , T 2 , T 3 , X 1 and X 2 is independently a nitrogen atom or an 
oxygen atom. 

3. A compound according to claim 1 or 2, wherein each of R 1 , R 3 , R 5 , R 7 and R 9 is independently a halogenated 
hydrocarbon group. 

4. A compound according to any one of claims 1 to 3, wherein each of M 1 . M 2 . M 3 M 4 and M 5 is independently an 
atom of Group XII. 

5. A compound according to claim 4. wherein the atom is zinc. 

6. A compound according to any one of claims 1 to 5. wherein T 4 in formula [9] is a boron atom. 

7. A compound according to any one of claims 1 to 5. wherein X 1 R 7 | is a fluoroalkyloxy group or a fluoroaryloxy group 
in formula [8J. 

8. A compound according to any one of claims 1 to 5, wherein the compound [C] is a u-oxo-bis(alkylzinc) or a u.-oxo- 
bis(arylzinc). 

9. A catalyst component for addition polymerization comprising an electron withdrawing group-containing metal com- 
pound (I) according to any one of claims 1 to 8. 

10. A catalyst for addition polymerization obtainable by contacting an electron withdrawing group-containing metal 
compound (I) according to any one of claims 1 to 8 or a catalyst component according to claim 9 with a metal 
compound (II) of formula [10]: 



La MX b [10] 
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wherein M is a metal atom of Groups 111 to XIII or the Lanthanid Series of the Periodic Tabl f the Elements; L 
Is a group having a cyclop ntadi ny) type anion skel ton or a group containing a hetero-atom, a plurality of L 
groups may be the sam or different, and a plurality of L groups may be optionally linked directly or through a 
group containing a carbon atom, a silicon atom, a nitrogen atom, an oxygen atom, a sulfur atom or a phosphorus 
atom; X Is a halogen atom or a hydrocarbon group having 1 to 20 carbon atoms; a represents a numb r satisfying 
the expression 0<a<8; and b represents a number satisfying the expression 0<b£8. 

11. A catalyst for addition polymerization obtainable by contacting an electron withdrawing group-containing metal 
compound (I) according to any one of claims 1 to 8 or a catalyst component according to claim 9 with a metal 
compound (II) of formula [10] as defined in claim 10 and an organoaluminum compound (III) of formula [13]: 

R h b AIZ3. b [13] 

wherein R h represents a hydrocarbon group, the R*s may be the same as or different from each other, Z repr sents 
a hydrogen atom, a halogen atom, an alkoxy group, an aralkyloxy group or an aryioxy group, and "b" represents 
a number satisfying 0<b<3. 

12. A process for producing an addition polymer which comprises polymerizing an addition polymerizable monom r 
with a catalyst according to claim 10. 

13. A process for producing an addition polymer which comprises polymerizing an addition polymerizable monom r 
with a catalyst according to claim 11 . 
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